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1. EXECUTIVE SUMMARY 

1.1, ARKEMA CROSBY PLANT DESCR!PTJON AND HURRICANE HARVEY EVENT 

Arkema lnc (Arkema) owns nnd operates the Arkema Crosby Plant (Crosby Plant), located in Harris County, 
Texas. The fadlity is located at lH,000 Cros hy Enstgatc Road, 3.5 miles ntwtheast of Crosby, Texns a long U.S. 9n. 
Figure 1·1 sho,vs the location of the Crosby Plant. 

Arkema is registered under Texas Commission on Environmental Quahty (TCEQ) Customer Number (CN) 
600124044. The Crosby Plant is registered under TCEQ Regulated Entity Number (RN} 100210301. The Crosby 
Phmtopcrntes under Ncvv Source Revievv (NSR) Permlt No, 6271, Federal Operating Permit (Title V) t•fo. 1554., 
and several n~gtstcrcd and unregistered Pcrmltby Rules (PBRs), 

The plant produces liquid organi.c.: pernxldcs that are used primarily in the production of polystyrene, 
polyethylene, polypropylene, PVC and polyester reh)fot·ced fiberglass, and ,1crylic rcsinst, Many of tho liquid 
prodm:ts a,,e stored in stadmd pallet-based sn1all containers and must be refrigerated.to maintain product 
stabllity; 

I http://www.arkema-amei-i,:.,s.com/en/arkema-amerlca~/united-states/crosby-t:./index,htrnl 
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On the night of August 25, Hurricane Harvey rn.adc landfall het:v.'ccn Port O'Omnor and Port Aransas,. Texas as a 
major Category 4 hurrkane. Harvey subsequently 1novcd northeastward toward Houston and Harris County, 
uJt!matcly becoming a tropical storm, Vilhile the \•llnds associated with Harvey v1,rerc substantially reduced after 
it came ashore, Harvey became stuck in a meteorological anomaly, hovering over the Houston and Southeast 
Texas areas for days, and depositing torrential rainfall in the area. 

Arkema's Crosby Plant is located in a rural area of Harris County appnrnimatcly 25 miles northeast of Houston. 
The Crnsby Plant sat in the ''bulls-eye" of Harvey's tnrn:ntfal downpours, Figure l-2 shows the location of 
Hurricane l-Iarvey in mid-afternoon on August 26, 2017.Z The National Weather Servke has reported that a rain 
gauge in the Cedar Bayou ~vatershed,. which includes the Crosby Pinnt, measured a total ofSL88 inches for the 
Harvey event. which marked a new record single rainfall event in the continental United States, and which 
exceeded the average yearly rainfall of49,T7 at George Bush fntercontinental Airport The extreme rninfall 
associated with Hurricane Harvey resulted in unprecedented flooding within Harris County, the Cedar Ifoyou 
,vatershed, and the area around and indud.ing the Crosby Plant 

i https://www.youtube,com/watd1?v"pRPlqKOCUDo 
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The Crosby Plant has wdl~deflned, standard operating procedures for the storage of organic pernxides at the 
fad!ity, The plant's operating procedures indudc a hmTinmc preparedness plan and a Storage Building Limits 
and S;ifcty Guidelines ("SBLSG~] procedure, whkh includes guidelines rnnceming the use of refrigerated trailers 
in an emergency situation, such as \'v'here primmy and secondary {backup) power is 1mavailahlc to the facility's 
refrigerated ,varehouses. During the extreme flooding caused by the Hnnlcane Harvey event, the rising 
floodwaters made it impossible for the pl.ant to maintain primary pmver or emergency backup power,. as well as 
to be able to deploy its liquid nitrogen emt'rgem:y cooling system. All of the organic peroxide products requiring 
refrlgerntion ultimately had to he moved into refrigerated trailers. Eventually, hm,vever, even the refrigeration 
systems 011 these trailers failed, causing the organic peroxides inside them to slowly wJrm Jnd begin to 
decompose. This decomposition and the fires that ultimately resulted were four of the five air emissions events 
reported at the Crosby Plant The flfth emissions event was caused hy overflmv from bNo ,vastewater storage 
tanks at the fadHty. These emissions events are described in morn detail in Section 2 of this report 

1.2, MODELING REPORT ORGANIZATION 

Arkema filed separate initial and final inddent reports online using the State of Texas Eiwirnnmental Elcctnmic 
Reporting System (STEERS) for each of the five emissions event incidents, whkh described the Gmscs., actions, 
and reported release quantities. Arkema is submitting this modeling analysis in response tt) the TCEQ's 
September 26, 2017 request to provide air quality dispersion mndd!ng of Cff1issions ass<)ciated with repmtahk 
emissions events (TCEQ Incident Nos. 266756, 266771, 266778, 267578, and 267679; Investigation No, 
143884·6) to evaluate the offaproperty air quality i.mpncts due to the event releases. A copy of this September 26, 
2017 request is included JS Appendix A. 

Consistent with the emissions event modeling checklist included ttith the TCEQ modeling request, this report 
contains the follmving information:J 

► Project Overvic<,N; 
,i, Emissions event Descrl.ptions 
"' Constituents Evaluated 

> Plot Plan and Area Map; 
> 1\ir Dlspen.ion Modeling Description 

,i, Modeling Emissions Inventory 
"' Stack Parameter justifications 
"' Models and Modeling Techniques 
,. Dispersion Options; 
,. Bttildlng Wake Effects (Downwash); 
,i, Receptor Grid.: 
., Mctcorologkal Data; 

► Modeling Results; 
> Monitored Background Concentration Data; and 
► Electronic Fil.es 

The rc.mainder of this report provides responses to all of TCEQ's rnquested information as well as the result'> of 
tho d!sp(!r$ion modeling of each event and comparisoi1s to applicable National Ambient Air Quality Standards 
(NAAQSJ, State Propmi:y Linc Standards, bmichmarks with which TCEQ l.s fo:m!Har (Effect Screening Levels 
[ESLs] and Air Monitoring Concentration Values fAMCVsJ), 

,; TCEQ Eml$s\m1s Events Modeling Checklist dated December :w 16, 

Ark!:'.1111<1, Int, 'I Crosby P!a11t [mfasions ttvent ,V,odding 
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2. PROJECT OVERVIEW 

This section of the report contains a description of the emissions events reported by Arkema, a description of 
the emission calculation methodology for each event, and a discussion of the constituents and applicable air 
quality standards and benchmark levels evaluated in this analysis. 

2. 1, EMJSS!ONS EVENTS DESCRIPTIONS 

Arkema reported five air emissions events that occurred at the Crosby Plant between August 29, 2017 and 
September 3, 20 .17 that wen'.! directly attributable to the record predpltatlon mnmmts associated with 
Hurricane l·farvey. 

Two types of c-missions events took place rcsulti.ng in five accidental releases caused by an Act of God and air 
emissions of chemicals associated with product and by•prnduct streams. The first event ,vas due to a ralnfaU­
related overflow of an organic material from two waste water storage tanks. The other four emissions events 
that occurred were also due to flooding hut were the result of the loss ofrefrlgeration ln trailers where 
containers of organk peroxide products were being tanporarily stored. The products wanned and ultimately 
decnmposcd in an exothermic vaporization, and later ignited (Le., as a result of heat genc-rnted in Events 2 and 3 
or as a contrnHcd ignition in Event S) and burned ;,1long with the trailers themselves. 

Each event is described in detail in the following subsections. 'l1Hi emission cakult1tion methodology is provided 
in Section 22, and emission calculations arc provided in Appendix B. Model inputs arc- induded in Appendix C. A 
plot phm shovving the location of each event is included in Section 3, 

2.1.1. Event One (Incident Number 267578): Wastewater Tanks (14wTw2A/2B) Overflow 

2. 1. 1. t _ Description 

The water levels in two waste water storage Tanks l4-T-2A and 14·T-2B at the Crosby Plant (Emission Point 
Number [EPNJ WWT AN KS) are usually rna intaincd at around 50-60% of tank ca padty, hut they were drav,rn 
dm1i,m well below their usual operating levels in preparation for the hurricane. During the event, as 1s normal 
practice and permitted under Underwater Injection Control (U!C) permits WDWl.222 and WDW230, 
stormvvater that fell on the process areas was pumped into the tanks, a11d in addition, rainvvater foll directly into 
the t.anks. Arkema continued to operate lts disposal wells to draw doivn the tank levels during the event but 
over time, the injection rates could not keep up with the amount of water being pumped into the tanks from the 
process areas and the rainwater fa!Ung directly into the tanks. The operation of the disposal wells and the 
pumps in the process areas ceased altogetht"r when power was no longer avaibhk at the site on the night of 
Sunday, August 27. After pumping ceased, the tanks continued to accumulate large amounts of rain water that 
foll directly into the tanks' open tops, The rnimvater eventually mused both tanks to overflow through their 
overflov,,, pipes into the tanks' secondmy containment dike. At or around that time, hovvcvcr, the plant had 
accnmubted a sufficient amount of floodwater to overtop the approximately four (4-) foot containment dike 
around the tanks. This led to the release of the wastewater into the larger volume of t1ood,vaters within the 
plant as shown in Figure 2· 1. 

Both tanks contained organic material that was lighter than vvater and thus floated at the surfa<:e of the tank 
cnntents. These organic layers, which consisted of residual organics and mineral spirits, arc believed to 
comprise most of the material that overflowed during the event. 
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2, 1. 1.L Duration 

The tanks overflowed on August 29, 2017, at approximately 12:00 hours, The end of the event is estimated to be 
18:06 hours, vvhich was the last recorded rninfall at the nearest: v-.,eather station. Therefore, the duration of the 
event ls estimated to be six (6) hours and six {6} minutes. 

2. L 13, Emissions 

The waste,vatcr tanks overflow resulted in emissions of odorless mineral spirlts, various volatile organic 
compounds (VOCs) that am list,:,d in Section 2.2, \<\1ater, and active m.-ygcn from organic peroxides. Air emissions 
from this event tcsnlted from evaporation of portions of the mineral spirits and residual organks from the 
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floodwaters, which were reported by the ride-out crew to have flowed toward the south foncdine of the Crosby 
Plant during the event 

2.1.2. Event Two (lnddent Number 267679): Organic Peroxides Storage TraHer No. 1 
Combustion 

2, 1.2. 1. Description 

Emissions Event 2 ou::urred after refrigeration vvas lost in refrigerated Trailer No. 1 located near Building 
No. 21. This Jed to organic pcrnxide product decomposition, ignition, a fire at the trailer, and an air emissions 
release .. At thl.s point the plant had been evacuated tor safety reasons upon the orders of the Unlficd Command, 
v.rhich consisted of the TCEQ., Unltcd States E11viro11mcntal Protecti.on /~gency (U.S. EPA), Harris County Pollution 
Control Services Department, and others. As a result the trailer and products were allowed to burn to 
completion. Figure 2-2 shovvs the location of Event 2 and Trailer No. L 

2. L:Z,2. Duration 

The refrigerated trailer contents decomposed and emitted in a vapor strcarn at the rear of the trniler for 
approximately 301ninutes from 02:00-02:30 hours on August 31, 2017, At approximately 2:30 hours, the trailer 
contents and trailer ignited and burned from approxlmatc!y 02:30-04:00 hours with the total emissions event 
estimated to have lasted t:v,m (2) hours. 
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2. 1.2.3. Emissions 

Emissions from this event resulted from decomposition of a portion of the prnducts stored in the trailer and 
combustion of the remaining products, product packaging, and trailer comp(ments. The emissions from the 
event indmk: oxides ofnitrngen (NOd, carbon monoxide (CO), sulfur dioxide (S02), particubte matter (PM), PM 
with an aerodynamic diameter equal to or less than 1 O micrnnwters (PM w), PM \Vith an aerodynam.ic diameter 
equal to or less than 2.5 micrometers (Pivhs), hydrogen fluoride (HF),. lead (Ph), and various VOCs that are listed 
in Section 2.2, 

2.1.J. Event Three (Incident Number 266756): Organic Peroxides Storage Trailers Nos. 2· 
3 Combustion 

2, 1.3. 1. Description 

Emiss\ons Event 3 occurred after refrigeration was lost in refrlgcrnted Trailers Nos, 2 and 3, located near 
Building No, 27 as shown in Figure Z<t Like emissions Event 2, this kd to organic peroxide product 
decon,positinn, ignition, a fire at the trailers, nnd an air emissions release. Also like emissions Event 2, the trailer 
and products were allowed to burn to completion. 
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2. 1.3.2- Duration 

The cm,tent.'> of l:\•vo refrigerated trailers decomposed and emitted in a vapor stream at the rear of the trailers for 
approximately 30 minutes from 17:00-17:30 hours on September l, 2017, At approximately 17:30 hours the 
trailers' contents and the trailers ignited and burned from approximately 17::-:!c0-19:00 hours ,.s,lith the total 
emissions event estimated to have lasted two (2) hours, 

2, 1.3.3. Emissions 

Emissions from this event resulted from decomposition of a portion of tlw products stored in the trailers ,md 
combustion of remaining products, product packaging, and trailer components. The emissions from the event 
indude: NOx., CO., 502, PM,. PM in, PM2.,;, HF, Ph, and various VOCs that arc listed in Section 2.2. 

2.1 .4. Event Four (Incident Number 266771 ): Organic Peroxides Storage Trailers Nos. 4~9 
Product Decomposition 

2, 1 A. 1. Description 

Emissions Event 4 occurred after refrigeration was lost in six trailers (Nos. 4-·9) located in the northeast portion 
of the plant site as shown in Figure 2A. Like emissions Events 2 and 3, this led to organic peroxide product 
decomposition, However, 1:mlike emissions Events 2 and 3, this decomposition did nnt !rad to auto-ignition and 
no fire occurred dmi.ng emissions Event 4, 
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2. 1.4.2. Duration 

The product decomposition is estimated to have begun on September 2.., 2017, at 14:17 hours, and rnntimwd for 
eleven (11) hours, ending at 1:17 hours on September 3, 2017. 

2, 1.4.3. Emissions 

The peroxide decomposition resulted in emissions ofvarim.ts VOCs listed .in Section 2,2 that are the known 
decomposition products of the types of organic peroxide prnduct.s believed to have been stored in Trader Nos. 4· 
9. 

2.1.5. Event five (Incident Number 266778): Organic Peroxides Storage Trailers Nos. 4-9 
Combustion 

2. 1, 5. 1. Description 

Emlssi.ons Event S occurred when the Unified Command and Arkema elected to cm.tse a controlled i_gniti.on of the 
remaining six trailers (Nos. 4~9), which resulted in the initiation of a fire that \Vas allowed to burn to completion. 

2.1.5.2, Duration 

The refrigerated trailers were ignited at 15:40 hours on September 3, 2017 and burned for a total oftwo (2) 
hours. 

2, 1. 5.3. Emissions 

Emisskrns from this event resulted from combustion of products stored in the trailer, product packaging and 
trniler components. The emissions from the event indude: NOx, CO, S02, PM, PM10, Pl\hs, HF, Pb, and various 
voes that arc listed in Section .LL 

2.2. EMISSION CALCULATIONS 
This section indudes a description of the emission calculations performed for each emissions event Detailed 
emission calculations were submitted to TCEQ on October 13, 20.1. 7, and an updated emissions summary 
induding rnodckd emission rates is indudcd in Appendix B to this report 

2.2.1. Event One (Incident Number 267578): Wastewater Tanks (14~T~2A/2B) Overflow 

As explained in detail in Section 2,Ll.l, the loss of power and the accunmlation of n:iim,vater in the open tops of 
Tanks 14-T-2A am:t 14-T-ZH resulted in the overflow of the organic byer in both tanks, When this material 
drninecl to the containment area around the tank, it mixed with the flood waters that breached the secondary 
containment from outside and flowed tmvards the south. Some amount of the organic material volatilized from 
the i,,vatcr, resulting ln air emissions. 

The amount of the organi.c layer that overflowed was estimated as follows: 

► For Tank l 4-T-2A, the tank organic layer was memmrcd before and after the overflow. The volume of the 
ovcd1owwas calculated from the thickness of the organic layer and the tank diameter. 

► For Tank 14-T·2B, organic layer thickness measurements were not available, hovvever, an estimate of the 
volume of organics \•Vas based on the known typical waste water organics generation rate at the Crosby 
Plant 
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11w: composition of the organic matcdal is based on historical waste profiles, 

For the emissions event originally reported into STEERS, Arkmna conservatively assumed the entire quantity of 
the organic material released from the tanks volatilized to the atmosphere. Arkema also conservatively assumed 
that the entire qmmtityofthc organic material released from the tanks was also released to the flood vvaters, Le,, 
mme remained within the secondary containment basin, Based upon a more complete review of the event 
undertaken for this report, Arkema has revised the emissions estimates ln order to more ,JCcurately represent 
estimated emissions associ<1ted with a relatively sma!l organic releast) into a very forge volume of flood waters. 
The updated emission cakulati.ons arc included in this report and suhmltted to TCEQ under separate cover. 

Emissions of the tank overflovvs wf'rn modeled using Toxdwrn1M Version 43 from Hydrornantis Environmental 
Software Solutions, !nc Toxchern utilizes fate and transport mechanisms for specific air rnntHmlnants lnto 
process-specific mass balance equations, Emissions from the tank ovcrtlm,v arn modeled based on the quantity 
of organic material released to the flood waters. Emissions of air contaminants occur due to volatilization of 
nmtamlrn:mts from the air-water interface, The rate of volatilization is related to the contaminant concentration, 
vapor pressure, solubility, dimensions of Vlastewdtcr process vessel, and environmental factors sucb as wind 
speed and tempeniture, All applicable Toxthcm modeling files are included in Section 7 of this report 

The release area was represented as a lagoon with dimensions of 1.55 meters (ml deep, 10(} m \-vidc, and 400 m 
long extending from the wastewater tanks to the southern property line of the facility, Flood ,vaters entered the 
lagoon area at an estimated rate of 1,097,862 gallons per minute (gpm) based nn an estimated velocity of 1 mlfo 
per hour (mph) of flood v,mtcrs moving across the site, Added to the flood waters were organics from the tank 
overflmv at a rate of approximately 9.8 gpm for a resulting total tlow of 1,097,872 gpm. The resulting mixture 
was moddcd in Toxchcm using ambicnttcmpernture and wind speed from the WaHisvme Road C6l7 (EPA Site 
No, 48-201-0617) monitoring site. This appro,Kh defines the area of the emissions event and captures the 
maximum concentrations and highest emission rates from the release. Downstream of the defined area, the 
mixture concentration v.ras very lo\',,', resulting ln a much lower emission rate, Therefore, the calculation and 
modeling methodology utilized evaluates the highest emission rate on a pound per hour (lb/hr) basis. Table 2-1, 
below, lists the constituents emitted from the wastewater tank overflow air emissions event 

Constituent 
T-Amy! Alcohol 
T-Butyl Alcohol 

Dl-T-lfoty!. Peroxide 

DFI'-Amyl Peroxide 

25 Dimethyl-2,5 Di (T-Butyl Peroxy) Hexane 

Ethyl Benzene 

Naphthalene (Crude Or Refined) 
1, 2, 4 • Trimethylheh2ene 
Hydrotreated Heavy Naphtha 

Minernl Spirits 
Naphtha, light aromati.c 

Xylene, mixed isomers 
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2.2.2. Event Two (Incident Number 267679): Organic Peroxides Storage Trailer No. 1 
Combustion 

Emissions from Event 2 are calculated using mass h,1bnce, TCEQ guidance, and OS EPA AP·42 emission factors. 

Emissions from the decomposition of organic peroxides stored in the trailers arc based on the quantity ofeach 
organic peroxide product stored on the trailer, an estimate of the volume Df peroxide that decomposed prior to 
combustion, and the amount of peroxide dcwmposition prodnds combusted in the fire. 

The combustion process is represented as a flare, and NOx and CO emissions arc cakulated according to TCEQ 
guidance/ Based on TCEQ guidance for comhustlon events that do not satisfy 40 CFR 60.18, a 93 percent(%) 
destrncthm effickncy (DRE) is assumed for peroxide decomposition products,s Particulate matter emissions are 
calculated based on U.S. EPA AP·42 im1isslon foctors.h 

Emissi.ons from the combustion of the trailer, the containers storing the peroxide products, paUets, and the 
trailer refrigeration unit are based on US EPA AP-42 emission factorsJ Emissions of HF am based on the 
composition and quantity of the refrigerant used in the refrigeration unit and a conservative assumption that nil 
fluorine was cmwerted to HF. 

The battery in engine of the trni.ler refrigeration unit burned in the fire mid emissions arc represented as 
senmdary lead processing in blast furnaces. Particulate and lead emission factors arc based on AP~42 emission 
factors." Sulfur dioxide (SOJ emlss1.nns from combustion of sulfuric acid in the battery arc estimated assuming 
all sulfur from sulfork acid is converted to SO,. Note that since the original STEERS emissions event report was 
filed, emissions of HF and lead have hfien added based on information concerning the combustion of the 
refrigerated trailer components and battery, and a caku!ation error was corrected that had previ.ously 
underestimated the quantity of organic peroxide combusted in the fire. 

Emissions from diesel fuel stored in trniler fuel tanks are based on the estimated quantity of fuel stored and U.$. 
EPA AP-,}2 emission factors.'l 

-1 TCEQ publication RG-3601\/11, Te,;:hnlrnf Sapphmwnt 4: F!an:s. Table A· 7, Air or Unassisted Flare, Low Btu (Revised 
January 2017) .. 

'TCEQ publication RG· 360A/11, Trdmiwl Supplermmt 4: F1ures (Revised February 21ll2). 

& U.S .. EPA AP 4-2 ChaptHr 1 :LS, ,Wisce/lrme.-:ws Surrces -- !ml11.1·t.rhll Flares, Table 13.5-:1: Heavily Smoking Flan~;; 
(December2016). 

1 !J.S .. EPA AP-42 Chapter 2.5, Solid ~tla:~t"e.Dispo!;a/ -- Open l1urni11g, Table 2.5-1: Em.ission Factm·s for Opm1 Hurnl.ng of 
Municipal Reh.tse, factors fot' Autonmbl!e Components (October 1992). 

H U.S. EPA AP-42 Chapter 12-1.1. Metallm~qical lndustly-Seco11dary leadProcessintJ, Table 1.2.11.·2: Emission Factors for 
Sec.ontfary Le,1d Pn::icess.ing (October 1986). 

1l lJ.S. EPA AP·42, E'xterna/ Com bastion Sm.11-c11s - Fuel Oil Combw,tion, T«ibles LiH. and l..::l·Z: No. Z oil fired ( Hll ·Otl5·01), {1 • 
02-005-01), (1·03·005·0l) for CO, NOx, PM, PMrn, PMt.,, and S02. Table :L3-:1 • lndustrial boilers, DistHlate oil fired (1·02· 
OOS·01/02/03) for voe (May 2tl1.0). 
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Table 2-2, Emissions Event Two - Constituents Emitted 

Consti.tm:mt CASNo. 

Nonane 111·84·2 

Nonene 124-11·8 

OMS 68551-17-7 

.Acetone 67-64-1 

Acetophenone 9H·H6-2 

2-Ethy! hexanol 104•76•7 

2·Ethyl hexanal 123·05·7 

Ethane 74-84-0 

Hydrofluoric Add 7664<N-3 

Lead 7439-92·1 

co 63(H.JH-0 

NOx 1{)102-44-0 

PM .. 
PMw -~·~ 

PMi.,, ~--~ 

Sfo 7446-09,,5 

Unclm,sified VOC .. 

2.2.l. Event Three (Incident Number 266756): Organic Peroxides Storage Trailers Mos. 2-
3 Combustion 

Emissions from Event 3 are calculated using mass balance, TCEQ guidance, and US. EPA AP·42 emission factors. 

Emisslons from the decomposition of organic peroxides stored in the trailers are based on the quantity of each 
organic peroxide prnduct stored on the trailer, an estimate of the volume of peroxide that du::ompnsed prior to 
combustion, and the amount of peroxide deco.mposltion products combusted in the fire. 

The combustion process is represented m; a fli.m:, and NOx and CO emissions are calculated. according to TCEQ 
gttidancc,rn Based on TtEQ guidance for combustion events th.at do not satisfy 40 CFR 60.18, a 93 percent(%) 
destruction efficiency (DRE) is assumed for peroxide decomposition products-11 Particulate matter emissions 
are calculated based on US EPA AP-42 emission factors, 12 

Emissions from the combustion of the trailer, the containers storing the peroxide products, pallets, and the 
trni!er refrigeration unit are based on U.S. EPA AP-4-2 emission factors. 13 Emissions of HF am based on the 

WTCEQ puhHc.1tion RG<MiOA/11,. Ti,dmfoal Supplement.4: Flares, Table A•7, Afr or lJm,sslsted Flam, Lnw Btu (Revised 
IMm1ry2017), 

1 i TCEQ puhUe11tion RG·36(U\/1 l. nn·h11kalSupplerrwnN: Flt{res (Revised Feh1·u11ry 2012). 

1• tJ.S .. EPA AP 42 Chapter 13.5, Miscellaneous Sources - lndustl'iai Pl<u-es, Table 13.5-l: Heavily Smoking Flm'es 
(Dece.mher.2016). 

nu.s. EPA AP-42 Chapt.er 2.5, Solid Wo.~te f)/lipmw! - Op,en 111,ming, Table 2,S·l: Bmis1>hm Fo1.ctn1~s for Open Burning of 
Mun.kip/ii Refuse, factors for Atitomobile Componenu. (October 1.992), 
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composition and quantity of the refrigerant used ln the refrigeration unit and a conservative assumption that an 
fluorine was converted to HF, 

'I1w battery Jn engine of the trailer refrigeration unit burned in the fire and emissions are represented as 
secondary lead processing in blast furnaces, Particulate and lead cmissi.011 factors are based on AP-42 emission 
factors. H Sulfur dioxide (502) emissions from combustion of sulfuric add ln the battery are estimated assuming 
al! snlfur from sulfuric acid is converted to S02, Note that since the original STEERS emissions event report was 
filed, emissions of HF and lead have been added based on information concerning the combustion of the 
refrigerated trailer components and battery and a calculation error was corrected that had previously 
underestimated the quantity of organic peroxide combusted ln the fire. 

Emissions from diesd fuel stored in trnller fuel tanks are based on the estimated q mmtity of fud stored and U,S, 
EPA A P-42 emission factorsJ', 

Constittumt CASNo. 
Nonane 111·84·2 

Nonene 124-11-8 

OMS 68551·17•7 
Acetone 67-64-1 

Acetophenone 9B-B6-2 

2-Ethyl hexanol 104,-76-7 

2-Ethyl hexanal 123--05·7 

Ethane 74-84-0 

Hydrofluoric Acid '7664·39<1 

Lead 7439-92·1 

co 63(}-08-0 

NOx 10102-<14-0 

PM --

PMrn ·-

~ 
"" 

7446·09-5 

Unclassified VOC --

2.2.4. Event Four (Incident Number 266771 ): Organic Peroxides Storage Trailers Nos. 4*9 
Product Decomposition 

Emissions from Event 't arc calculated using mass balance, Emissions from organ!( peroxides stored on the 
trailers arc based on the quantity of each organic peroxide product stored on the trailers, an estimate of the 

H U,S. EPA AP·42 Glrnpter t:Ut Metalluralml Industry- Secondary leadProcessintJ, Table 1.2.U.•2: Hm.issfon Factors for 
Sec.ontfary Le,1d Pn::icess.idg (October 1986). 

tsu.s. EPA AP-42, Extenwl Combw,ttt:m Soun:es - Fuel Oil Combustion, Tables L:1·1 and 1,3·2: No, 2 oll fired (1·01 ·005·01.J, 
{1·02Al05·0l), {Hl'.H)OS·Ol) for GO, N(h:, PM, PMw, PMi.s, ;rnd S(h, Table 1.3·3 •· lndostrl.il hoil~rs, Distll!ate oil fired (1· 
02-005•01/02/0:-l) for voe {May ;:WrnJ. 
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volume of pcrnxidc that decomposed, and the decomposition products knovm to be assodatcd with those 
peroxide products, 

ConsUtuent CASNo. 
lsohntane 75.2fj.5 
lsobutene 115·11•7 
Or~ank Mineral Solvent f OMS] 6HS5l,1'.,L7 
Acetone 67-64-1 

2.2.5. Event five (lnddent Number 266778): Organic Peroxides Storage Trailers Nos. 4-9 
Combustion 

Emissions from Event S are calculated using mass balance, TCEQ guJdance, and U.S, EPA AP-42 emission factors. 

Emissions from the decomposition of organic peroxides stnred in the trailers arc based on the quantity of each 
organic peroxide product stored in the trailer, an estimate of the volume of peroxide that decomposed prior to 
combustion, and the amount of peroxide decomposition products combusted in the fire. Note that since the 
original STEERS emissions event report was filed, a calculation error was corrected that had previously 
underestimated the quantity of organic peroxide combusted in the fire. 

The combustion process is represented as a flare, and NOx and CO emissions are cakulatcd according to TCEQ 
guidance)& Based on TCEQ guidance for cmnhustion events that do not satisfy 40 CFR 60,18., a 93 percent(%) 
destruction cffidcncy (DRE) is assumed for peroxide decomposition products .. 17 Particu.latc matter emissions 
are calculated based on U.S. EPA AP-42 emission factors.lB 

Emissions from the combustion of the trailer, the containers storing the peroxide products, pallets, and the 
trailer refrigeration unit arc based on lLS. EPA AP-4-2 emission factors. 19 Emissions of HF arc based on the 
composition and quantity of the refrigerant used in the refrigeration unit and a conservative assumption that all 
fluorine was converted to HF. 

The battery in engine of the trailer refrigeration unit burned ln the fire and emissions are represented as 
secondary lead prncessing in blast furnaces, Particulate and lead emlssi0t1 factors are based on AP-42 emission 
factors,w Sulfur dioxide (SO:i) emissions from cmnbustion of sulfuric add in the battery arc estimated assuming 
aH sulfur from sulfuric add is converted to SO;;., Note that since the original STEERS emissions event report v,ms 
filed, emissions of HF and lead have been added based on information concerning the combustion of the 

"' TCEQ publication RG-360A/ 11, Tecfmical Supplement 4c Flares, Table A· 7, Air or Unassisted Flare, Low Btu {Revised 
January 2017)., 

17 TCEQ publkation RG·360A/1 l,. Tedirdrnl Supplermmt4: Flares (.Re•vised Fehrnciry 2(112). 

rn tJ.S ... EPA AP 42 Cha pt.er 13$, Miscellaneous Sources ... Industrial Flares, Table 1.35-1: Heavily Smoki.ng Plates 
(Dee,1m1btn· 2016), 

19 ttS .. EPA AP-42 Chapter 2.5, Solid Waste Disposal - Open Burmiit:J, Table ,tS-1: Emi.ssio.n Far.tors for Open BunHng,of 
Mtmidpa! Refuse, facMrs. for Autmnohi!e Components (October 1992). 

w lJ.S. RP/\. i\P-42 Ch apt.er 1. 2J .1, Met/l'lhlr,qical Industry - Secm1dary l.ead Pro,ces·sinlJ, Table 12:l. l ·Z: Emission F(t(:tors for 
Secondary Lead Processing {(ktr.1ber 1986). 
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refrigerated trailer components and battery, and a calculation crrnr was cornxted that had previously 
underestimated the quantity of organic peroxide combusted in the fire .. 

Trailers Nos. 4.g W£ffe ass1.mwd to have consunwd all in-tank diesel fuel prior to the fire, 

Constituent CASNo. 
Nonane 111-84-2 

Nnnene 124-lH3 
lsobuume 75-2fJ.5 

lsobutt~ne 115-11-7 

n-prop;mol 71.23.g 

n·propanal 123-38·6 

sec-butanol 7H-92-2 

sec-butrnnne 7B-93·3 

OMS 68551•17•7 
Acetone 67-64-1 

Ace1.0pheno1w 9H-H6·2 

2-Ethyl hexanol 104,-76-7 

2-Ethy! hexanai 123-05-7 

Ethane 74-B,,H) 

Hydrofluork Add 7664-39-3 

Lead 7439--92-l 

co 63(HJ8-0 

NOx 10102-44-0 

PM "" 

PMrn ·-
Pti,h" ·-

SO,- 7446-09-5 

lJndassifi.ed VOC ·-

2.3. CONSTITUENTS EVALUATED AND APPUCABLE STANDARDS 

Impacts from al! speciated constituents described in Section 2.2 are compared to NA.i\QS, State Prnpert:y Line 
Standards, AMCVs, or ESLs, as applicable, Each ofth11sc benchmarks l.s dcscribedhdow, 

2 .. 3.1. NAAQS 

NAAQS have been established for nitrogen dioxide fNO,:), CO, SO,, ozone, PMw, PM,.s, and Pb, Fortlie purposes of 
this emissions event modeling, comparisons were made to the NAAQS standards for the constituents that wern 
idcntl.fi.ed as being released in any or all of the five air em!sstons events, As all of the air emissi.ons events were 
less than t\velvc (12) hours in length, comparisons are made to the short-term standards in all cases .. Applicable 
NAAQ:s ,we smnm;;iri:wd he.low in Table 2-6, 
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Table 2~6, Shnit:-Ternt NiLAQ_S for Criteria Afr Pollutants 

Primary and Secondary 
Averaging NAAQS 

Pollutant Period fr!Q/mJ) 

co 1-hour 40,000 (35 ppm}' 
8-hour 10,000 [9 ppm]l 

N02 1-hour HlH (JOO pph}' 

S{h 1-hour 196 [0,(}75 ppm) 

3-hour uoo i:o.s ppm]' 
24-hour 365 (0.14ppm)U 

PMrn 24•hour 150° 

PM25 24•hour 35tj 

Ph 3-month'1 0.15 

Not to be exceeded more tha.n once per ea.Jendar year. 
Interim S!L propm,ed in darifk-Mion mem(mmdum from t4r. Tyler Fox to Regional Air Division Dfrectors, 
App!icabi/it}/ of Appendix \,f rvtodelin!J Cuitfonce fi>r the 1 •hour- N02 N(ltional Amliitmt Air Q1mli(y Stam;lwd, June 23, 
2()10, 
The 3--year average of the 9ffnµen:entik of the daily maximum 1 .. 110ur average. 
Interim S!J, proposed in darifkation memorandum from Mr. Ty.ler Fox to Regional Air Divi~inn Directors, 
Applicability of Appendix W Jfoddliv, t:11/don<:e for the 1 •!wur S02 N11tio110/ Ambient Air Quality Stondard, 
Auprnt 23, 2010, 
U.S. EPA n'.'voked the 24-hour and annual SO, NAAQS on lune 2, 2010 (75 FR 33520, />rimory Notiorw/ Ambient 
Air Quality Standard fi1r Sul/'ur Dioxide; Final Huie]. The,w standards remain jn effect untH one year after an area 
i~ deslgmned for the 2010 standard. 
Not to be exceeded more than three tim.es i.11 3 coiiserntive years. 
U.S. EPA promulgate<d PM,sS!Ls, Significant Monitoring Coneentrn.tions fSMCs}. and PSD !ncrem,•nts rm 
October 20. 201 O (75 PR 64864, Prevem:/m1 ofS(grdjh:1:mt Deterioration (PSO)for Pan/cu/ate Matter 1,f,,s Thrm 2.5 
Mfcnmwten lncrementx Sig11ificant fmpc,rt Levels (S/ls) and Sig11iflcorit Jfrmitm'ing c,mnmtrathm {S1W(/; Final 
811/e). The SI Ls and SMC became ;.!ffocttve on Ik•ceinb,!r 20, 201Cl (Le., 60 days aftw rlw rule was publislwd in the 
federal lkgister) <lml !.hcJ PSD !n.::nmien1s henune cJffoctivei (m October 20., 201 J (Lt,., omJ year afrer tl'w date of 
promulgation} On !anuary 22, 2013 th,• PM,_, SI.Ls wen• varnted/remanded ~ml tiw SM.C ,va~ vacated by the US 
Courr nf Appeals for thf' District of Columbia Cireuit 
The 3·ye;ir averagr of the 98'1' perrnnt.ik. 
ffa,ed on a 3~month rn.lHngmrenage_ 

2.3.2. State Property Line Standard 

Ti.tle 30 oft:he Texas Adminif;trative Code (30 TAC) Chapter 112, Control of Alr Pollutlon from Sulfur Compounds 
specifics a State Property Linc Standard for S02 ,ls summarized below in Table 2•7, 
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Pollutant Avera n Period Standard 

30-min t 

Per TCEQ guidance, the modeled H1H conn•ntration for the 1 ·hmir 
averaging period is used to tXHnpare m rlw 30-niimirn SOi standard. 
St.andard that is applkablt.' w Harris Cotwty per TCEQ Air Quality 
Modeling Gui.ddiiws, APDG6232v2, Rl'Vised April 2015, Table B-3, 

2.3.l. Health Effects Analysis 

Air Monitoring Concentration Values (AMCVs) and Effect Screening Levels (ESLs) apply to emissions of 
spedated constituents. Modeled concentrations of these constituents are compared to AMCVs, if available. ff no 
AMCV is avallahlc, the modeled concentrations are compared to ESLs?1 As all oft.he air emissions events were 
kss than tvvelve f12) hours in length, comparisons are made to the short-term AMCVs or ESLs in all cases. 
Spedated mnstitnents emitted from the previously-summarized emissions events along with applicable AMCVs 
and ESLs arc summarized bdow ln Table 2·8. AH short-term AMCVs and ESLs are based on a 1-hour averaging 
period. 

it U<1sed (H1 informatfon obtai.ned during ph(me c,,111 between Mr, Matthew Kmira.r, TCEQ, and Mr, Curtis DeVore, Trinity 
Consultmns, on October 9,, 2017, 
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Table 2AL AMC'Vs and ESLs 

ST A.MCVl,J: STESLP 
Constituent CAS No. iuu/m3) ruu/m3) 
T-AmvI Alcohol 75-85-4 "" 320 
T-Hut:y! Alcohol 75-65-0 " 620 
Di-T-Butvl Peroxide 110-05-4 -- 100 
Di··T-Amyl Peroxide 10508-09-S .... rno 
2,S Dimethyl-2,S Di (.T-Butyl 78-63-7 "" 100 
Peroxv) Hexane 
Etlwl Benzene 100-41-4 86,000 26,000 
Nanhtha!ene (Crude Or Refined) 91-20-3 sno 44(} 
1, 2, 4 • Trimethvlhenzene 95-63-6 15,000 4,400 
Hvdrotreated Heavv Naphtha 6474248·9 •.. 3,000 
2-Ethvl hexana! 123-05-7 "" 1,400 
2-Ethy! hexanol 104-76-7 "" 540 
Acetone 67-64-1 26,000 7,BOO 
Acetophenone 98-86-2 "" 490 
Etlnrw,~ 74-84-0 Simple Asphyxiant Simple Asnhvxiant 
tsobutane 75-28-5 78,000 23,000 
!sobutene 115-11-7 620,(HHl 180,00() 

111-84-2 16,000 4,800 
Nonene 124-U-B -- 5,B()() 

n--nrommal 123<H~-6 J,B()O 92 
n-prnpanol 71y23=8 .. 2,460 
sec-hut-11101 7B·92·2 .. 3,()0{) 

sec-but.a none 78-93~3 59,000 18,000 
Hvdro!hwric Add ,; 7664-39-3 .. 3 
Odorless Mineral Spirits f OMS) 68551-17·7 .. 3,500 
Naphtha, light aromatic 64742•95·6 .. 4,40() 
Xylene, mixed isomers 1330-20-7 -- 2,200 

Per the modeling n,qmist Jette, dated Sepwmher 26, 2017 (lndmling the Emissions Events Moddlng Checklist 
(fated December 2Ht6), for health effot:ts mw.lyses, model res11lts should lw rnm1x1rnd to the Air Monitoring 
Comparison Values (AMCVs), if avaifable. Othenvise, inodel results should be compared to the appHrnbk Effect 
Scrnening Levels (ESLs), 
The Short-Term (ST) AMC\/ is hast•d on the I-hour averaglng perlnd and is health-based, Tht• AMCVs an' obtairwd 
from the TCEQ Tnxklty r.-.rtor Database 
(http:/ /,w.,wl 7.tceq.texas.gnv/t:amb/index,di,i'!foseacthm'c'chome,welcome) .iccc-s,ed on (kt\lber 3, 2(H7. 
Tlw Short•'l'erm (ST) ESL ls based on the 1-hour ;weraging period and ls heaJJ.h-based for all rnmpound.s except 
for the compotrndg wher<' the odor b;i.sed Cf-Amyl Ak()hnl, Naphthalene, and n~prnp:ma1) or plant -h.-.sed (HF) 
ESL ls more rc-strktive, The ES Ls are obtained from the TCEQ Toxkity Factor Oataha~e. 
(http:/ /wwvl17.tceqxexa,;.gov/ta.mis/index.cfm?fo~eactim1,shome.1,wkome) accessed on October 2, 2017. 

,, Slmplr .1sphyxiants do not need rn he evaluated in hen.Ith effects analysf"s, 
The agrkulturn! ESL ls used for HF based on the land -use ,maly,i~ performed Ji1 the area d the Crosby Pbm. 
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3. AREA MAP, PLOT PLANS, AND MODELING SCHEMATICS 

This section indudes the figures described hdO'\,V, The coordinates in all figures are given in Universal 
Transverse fvkrcator (UTM) Zmw 15 North American Datum 1983 (NAD83J 

► Plot Plan - Figure 3·1 
,i, Depicts the location of the property line and the emission points evaluated in this analysis, 

► Arca Map - Figure 3-2 
"" DepICts the property line as well as a visualization of the surrounding area and an inset to shnv,1 the 

relative location of Crosby to Houston. 
► Modeling Schematics - aH modeling figures showing the model•depicted buildings, receptor grids, and land 

use information are in Section 4 of this report, Concentration pints arc presented in Section 5 per event 
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figure 3-1. Arkema Crosby Plaut Plot Plan 
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UTM Easting (m) 
All G.lordln;iH;i; shovm Ill UTM Coordln.,rtlcs, 

Zrme ll NAD 83 D<ltum 
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4. AIR DISPERSION MO!JEUNG DESCRIPTION 

This section rnntalns a description of the al.r dispersion modeling methodology performed as part of this 
analysis, 

4.1, MODELING EMISSIONS INVENTORY AND SOURCE PARAMETER JUSTIFICATIONS 

As described above .in Section 2.:l, five distinct air emissions events took place at the Hurric:me ffarvey"f!ooded 
Crosby Plant Each event took place separately and did not overlap v,ith other events in terms of emissions and 
potential impact on amhientair quallty, To modd these event'>, Arkema reviewed source types that arc available 
in dispersion modds and determined which optl.ons best represent each event, including the emissions 
transport and dispersion in the atmosphere, Each emissions event is described below along with the method of 
characterization that is used in tlw modeling analysis. For each event the total event-specific or sub-event· 
spedfic emissions described in Section 2 were assumed to be constant over the time pedod that the event took 
place. The total emissions were divided over the number of hours and minutes that event took place thus giving 
a mass per time used to prorate the unit emissions used in the modeling, 

4. 1. 1. Event One, Incident 267578, Wastewater Tank Overflow Event 

As described in Section 2.1.1, the rain associated with Hurricane Harvey caused an air emissions rdcase 
associated with the vvastcwater tanks nvcrflov.- that occurred on August 29, 2017 from 12:00 to 18:06 hours 
CDT (11:00 to 17:06 hours CST). The air release occurred ,vhcn the heavy rains caused the two vvastewater 
trnatm.ent tanks (Tank Nos, l+·T·2A and H-·T-28) to fill and overflow, The overflow of wastewater containing 
mlneral spirits and other facfllty '<Vastes rnn down the side of each open tap tank via an overflow pipe and i.nto 
the normally adequate containment area (area su1Tounding by berms), Bemuse the containment area had 
already hcen breached by flood waters, the V,'astewater ,vas released dl.rectly into the flood \Natcrs that t1owcd 
through the site. Tlwreaft:er, the flood waters rose sufficiently high that the train embankment to the south end 
of the plant \Vas also breeched, and the waters drained slowly in that direction and the depth of water at the site 
s]m,vly decreased.a 

To modd this event, the overflow on the top of the flood waters are modeled as an area sDurce as described 
bdow, 

> 12:00 to 18:06 hours CDT~ The two tanks overflowed and together resulted ln dissn!vcd-phnse of mineral 
spirits nnd other marm·lals in of the floodwaters surrounding the containment area. 

"' With the train embankment located to the south and southeast being compromised and ,vatcrs flowing 
out of the Crosby Plant, tbe impacted surface area of the flood W,ltcrs are assumed to he to the south of 
the wastewater tanks. 

* The direction of flow is as indicated in Flgure 4-1 and the size of the affected ini.rfo.ce area is set to a 
40,.000 m• surface water phune as depk"ted in Figure 2-1),3 

"' This is modeled as an elevated area source at the approximate height ofdw flood water which was 
greater tlum the height of the contai1mw11t berms, i.e,, at LSS m above the ground surface, 

• The Source lclentitkation in .AERMOD is WST\i\lTROV. 

i. Eyewitness observation by Arkema e.1itp!oye.e at. the Crosby Pl.mt on Augu.st 29, 2lH 7. 

n The ~urface ;irea covered by the wastewater was a smaller m:ea tha11 that(ff thewh(ile flooded area ghten the Hml.ted 
movement of the surface waters over most of the event duration, 
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Figure+ 1. Lorn ti on and Oirnction of the V\laitewater Spill in Event One 

4.1.2. Event Two, Incident 267679, Storage Trailer No. 1 Burn Event 

As described in Section 2.L2, Emi.ssions Event 2 occurred after rcfrigcrati.on was lost in refrigerated Trailer No, 
1, near Building 21, resulting in the organic petoxidcs to decmnposc, ignite, and hum the trailer contents and 
trailer structure. This event occurred on August 31, 2017, between 02:00 and 04:00 hours CDT [01:l)O to 03:00 
hours CS11, Decomposition with associated releases in <l vapor form took pfocc in the first 30 minutes of the 
event. After decomposition, the materials ignited and the ensuing fire burned all materials and the trailer in 
approximately 90 minutes, 

'l11is event is represented by nvo slightly overlapping sources in terms of the timl.ng of the events and the 
associated emissions: 

> 02:00 to 02:30 hours CDT-The decomposition process after the loss of refrigeration in Trailer No, 1 takes 
place and a visible plume with limited plume rise emanating from the doors at the end of the trailer, This 
end is fadng Bt1ildi.ng 21. 
;i, This vapor release is treated as a pseutio·polnt source (Source ID EV2TRLRJ meaning that measured and 

assumed parameters arc used to characterize the release diameter, tempcrati.tre, and velocity, 

Ark,,ma, !nc I Crosby Plant Frnic:sions Event tbdding 
Trinity Comli!\"i:1nt.::; 

Confidential Business Information ARK_ TCEQ_0000401 

ED_004042_00000162-00029 



$ The release has hot gases (decomposition of organic peroxides ls exothermic} at an estimated 
tempcrnturc of 792 Kdvln (K) (midpoint of tllc highest an:cptablc storage temperature of 310,9 K [100 
degrees Fahrenheit f'F)] Jnd its estimated flame temperJturc of 1,273 K (1,832 ''F),21 

* The release has a gas e;dtvelodty of Ll6 m/s.l,; 
is. The release ls assumed to fill the cavity of the trailer and then push open the trailer doors due to the 

bullt up pressure .. The plume size at the base of the vapor plume was estimated at about l.2 m [based on 
plume base puff observations in Event Three). 

* The height of release is the height ofa typical trailer at 14 foet (ft) (4.27 mJ, 26 

is. AH decomposition emisslons ~vcrc assumed to be emitted in the 02:00 hour. 

► 02:30 to 04:00 hours CDT - The combustion portion of this event is characterized as a hot pseudo·point 
source which is defined for purposes of this analysis as a source that is considered as a point source with a 
footprint of rdeJse set equal to the size of the area of the fire (at its foll burn). 
is. The Trailer No, 1 fire is treated as a pseu,fo.pointsource (Snurce ID HV2F!RE), 
is. The release is a fire with an estimated flame temperature of 1,273 K (1,.832 "F)Y 
,i, The release has a gas exit velocity of5.4 m/s-111 See Section 42.3 for details. 
" The burn release is assumed to be over the width of the trailer and spilling out to a fow meters on elther 

side as the trailer and its contents \Mere consumed. The pseudo-point sm.ircc diameter was measured at 
approximately 8.24 m (based on the footprint of the trailer fire]. 

,i, The height of release is taken as the average of the height of a typical trailer at 14- ft (4.27 m),. which is 
the base height of the fire in its early stages and the ground at Oft, Le., an average height of7 ft 
(2.13 rnF} 

* Burn emissions took pbce in 1.5 hours, thus, event fire emissions were distributed over that time 
pcrlod. 

4. 1.J. Event Three, Incident 266 756, Storage Trailers Nos. 2 and 3 Burn Event 

As described ln Section 2.13, Emissions Event 3 occurred after refrigeration was lost in refrigerated Trnilers 
Nos. 2 and 3, near Building 27, resulting in the organic peroxides to decompose, ignite, and burn the trailer 
contents. This occurred on September l, 2017, between 17;00 to 19:00 hours CDT (16:00 to W:00 hours CST). 
Decomposition with assocbtcd releases in a vapor form took place in the first 30 minutes of the event. After that 
arnount of decomposltion, the materials ignlted and the ensuing fire burned an materials and the trait er in about 
90 minutes. 

14 AERSCREEN User's Guide, EPA-4S4/B· 16--004, US, Eiwirnnmental Prntedi(ll1 Agency, Research Triangk Park, NC, 
December 2016, pp 13. 

25 Based on an identified single puff chnnge in height frnm one time step to ,m(,ther (cakolatim1 performed nwltiple times 
to cnnfirm the plume rise] and staled with known heights of nearby structures for the Event Three decomposing plume; 
Event Two was at night with no vitko coverage but the d.ernmposition events were assumed to be slmilac 
(ht:tps:/ /www,dal!asnews,com/news/harvt'!y/2017 /09/01/l.1rge•flre·reported•fioodetl•chemkal·pl.1nt•near·housto11J 

~1• https:/ /ops.fhwa.dotgov/frdght/publi.cation.s/si.ze_regs_final_rpt/ 

-n AERSCREEN User's Guide, EPA·4.54/B·16·004, 11.S. Bnvin1nmental Protection Agency, Research Triangle P,1rk, NC, 
Decembt~r :w:16, pp 13. 

20!fased 011 an identified single puff change ln height from ()ne time step t() another { n1lcullltii:rn. perfonned multiple times to 
cmifitm thfi plume i-iseJ .111d scaled.with known. hel.ght~ of irnarby stnictnres .fot' the Event Three fire plume; Event Tw{) 
was at night with no video cove1·<1.ge but the burn events were <1ssumed t() be similar. (See footnote 25 for video url). 

29 https:/ / ops.fuwa.dotgov/fre ight/publlcatio11s/ slie,_regs_11.iw.l_rpt/ 
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This event is dmrm:terized by tvw slightly overlapping soun:es in terms of the timing of the event and the 
associated emissions. 111csc will include: 

► 17:GO h) 17 :30 hours CDT~ The decomposition process after the loss of refrigeration in Trailers Nos. 2 and 3 
takes place and tvvo visible plumes \Vith limited plume rise emanating from the end of the trailers. 
" These two trnilcr vapor releases arc treated as two poi.nt sources (Source !Os EV3TRL2 and EV3TRL3). 
" Each release has hot gases (decomposition of organic peroxides is cxothcnnk] atan estimated 

temperature of 792 K (midpoint of the highest acceptable storage temperature of 310.9 K l1 (iO 'Fj and 
an estimated tlame temperature ofl,273 K f1,lB2 "F]).3!1 

* Each release has a gas exit vclodty of L16 m/s-31 

"' Each release is assumed to fill the cavities of the trailers and then push optm the trailer doors due to the 
built up pressure, The plume size at the base of each one of the vapor plumes 'Was measured at 
,1pprnximatcly l.2. m (based on plume base puff observations), 

* The hcightofrdcasc is the height ofa typical trni.ler at 14 ft (4.27 m)<12 

* All decomposition emissions were assumed to he emitted in the .17:00 hour and were equally divided 
between the two sources, 

> 17:30 to 19:00 hours CDT~ The combustion portion of this event is characterized as a combined (both 
trailers combined because they arc so near each other) pseudo-poii1t source which is defined for purposes of 
this analysis as a source that is considered as a point source with a footprint ofrdeasc set equal to the size 
of the area of the fire (at its full burn). 
" The Trailers Nos. 2 and 3 fire is treated as a rnmbincd pseudo-point source (SomTc ID EV3F!RE) 
%< The release is a fire with an estimated flame temperature of 1,273 K (1,832 'FJ}'.1 

* The release has a gas exit velocity of 5.4 m/s.:-u Sec Section 4.23 for details, 
"' The burn release is assumed to he over the combined widths of the tv.•o trailers and spilling out to a fovll 

ineters on either side as the trailers and its contents were consumed. The pscudo·point source diameter 
of the two trailer fire was measured at 13-44 rn (based on the combined footprint of the two-trailer fire)-

* The height of release is taken as the average of the height of a typical trailer at 14 ft [4.27 m) which is the 
base height of the fire in its early stages and the ground at Oft, Le., an average height of? ft (2.13 m)_'.1"1i 

" Bum emissions took place in 1,5 hours, thus, event fire emissions wen.i distributed over that time 
period, 

.w AERSCREEN User's Guide, EPA-454/!3·16-004, US Envirnnmentill Protectim1 Agency, Research Trfrmgk Park, NC, 
December 2016,. pp 13. 

' 1 Based on an identified single puff change in bt-ight from one time step to another (rnkulation performed multiple times to 
rnnfirm the plume and scak•d with lumwn heights of nearby structures for the Evtmt Thret• decomposing plume. (Sef1 
Footnote 25 for video url). 

n https:/ /ops.fhwu.dotgov/frdght/publi.cation.s/si.ze_regs_final_rpt/ 

:1:1 AERSCREEN User's Guide, EPA·4.54/B-1.6-004, 11.S. Bnvin1nmental Protection Agency, Research Triangle P,1rk, NC, 
Decembt~r :w:16, pp 13. 

2l:!fased 011 an identified single puff change ln height from ()ne time step to another { calcullltii:rn performed multiple times to 
ctmfitm thfi plume i-iseJ .111d scaled.with known. hel.ght~ oflrnarby stnictnres .fol' the Event 3 fire pluine. {St1e Footnote 25 
for video ul'l). 

,15 https:/ /ops..fuwa.dotgov/freight/pubUc11tlons/size_regs_fl1w.i_rpt/ 
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4.1.4. Event Four, Incident 266771 1 Storage Tra.Hers Nos. 4~9 Product Decomposition 

As described in Section 2. L4, Emissions Event 4 occurred after refrigcn1ti.on was lost in the six Trni.lcrs Nos. 4-9, 
located in a vacant area v.rithin the Crosby Plant to the north of all major operations (wlth no structures other 
than the trallers nearby), resulting in the decomposition of the organic peroxides stored in trailers. This 
emissions event occurred on September 2, 2017 at 14:17 hours CDT (13:17 hours CST) and continued for 11 
hours ending at 01 :17 hours CDT (00: 17 hours CST) on September 3, 2017, Only two of the trailers were 
o bscrvcd to have decomposition products emitting from the rear doors of the trailers (Traller No. 5 and Trai.ler 
No, 8) during the event.3° This event is represented by tvvo vapor plumes, one each from the rear doors of 
Trailers Nos, 5 and 8, 

> 14:17 hours on September 2 to 01:17 hours on September 3 (a totnl of 11 hm1rs) - The decomposition 
process after the loss of refrigeration in Trailers Nos. 4-9 takes place and tv,/o visible plumes with only 
limited plume rise emanate from the end of the trailers, 
" These two trailer vapor releases are treated as two poi.nt soun::es (Source ms EV4TRL5 and EV4TRL8), 
" Em:h release has hot gases (decomposition of organic peroxides is exothermic) at. an estimated 

temperature of 792 K (midpoint of the highest acceptable storage temperature of 310,9 K [1 OD 'Fl and 
its estimated thrne temperature of 1,273 K {1,832 "F]).37 

* Each release has a gas exit velocity of L16 m/s_:w 
" Each release is assumed to fill the cavities of the hvo trailers and then push open the trailer doors due to 

the built up pressure.The plmne size at the base of each one of the vapor plumes vvas measured at about 
1.2 m (based on plume base puff observations in Event Three as no useful video footage of this event 
vvere found], 

,s, The height of release is the height of a typical tral!er at 14 ft (4.27 m)_:l9 

,s, All decomposition emissions were assumed to he emitted in this eleven hmn- time period and were 
equally divided betv,ieen the two sources, 

4.1.5. Event Five, Incident 266778, Storage Trailers Nos. 4~9 Controlled Burn Event 

As described in Section LLS, Emissions Event 5 occurred after refrigerati.on was lost in the six Trai.lers Nos. 4--9, 
located in a vacant area within the Crosby Plant to the north of aH major operatl.ons ( with no structures other 
than the trailers nearby), resulting in the decomposition oftlw organic peroxides represented in Event 4, Due to 
the instabillty of the products and as agreed to by TCEQ, U,S, EPA Harris County Pollution Control, and Arkema, 
a rnntmlled ignition and subsequent fire was initiated in Jil six trailers and J!lowcd to burn to completion. The 
refrigerated trailers were ignited at 15:40 CDT on September 3, 2017 and burned for a total of nvo [2) hours 
(14:40 to 16:40 hours CST). The fire burned all stored materials and the trailer structures in about 120 minutes, 

Due to the extreme heat and size of this fire as ,veil as observed vertical plurnes, this event is characterized by a 
forge psendo"polnt smuTc. 

> 15:40 to 17:10 hours CDT- This event ls combustion of the six trailers Jnd their contents, The event ls 
characterized as three combined pseudo-point sources to account for the positions and dbtributions of the 

''' Eyewitness observation by Arkm:na employee at the Crosby Plant on Septetnber 3,. 20:l 7, 

:w AERSCREEN User's Guide, EPA·4.54/B"1.6-004, 11-S. Bnvin1omental Protection Agency, Research Triangle P,1rk, NC, 
Decembt~r :w:16, pp 13. 

mi Based nn ,Ht identified single pl1ff change in height fr.om 1)11e tin1e step to a1wthei· (cnh:::u!uti<ln perfonned multiple times to 
cmifitm thfi plume i-iseJ .111d scaled.with known. height~ oflrnarby stnictures .fol' the Event Three decompos!llg plmne, 
Assumed to be similar to Event P<lUI' decomposltinn plumes, (See Footnote 25 fo.r video url). 

3~ https:/ /ops.fuwa,dotgov/freight/publkatio11s/size_regs_flm1trpt/ 
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trailers. As sci'n in Figure 2·4, Trailers Nos. 4., 5, and 6 are locati'd in a group to the cast in the area, Traller 
No. 7 is on a diagonal spaced from the other trailers, and Trailers Nos. 8·9 arc positioned together to the 
west in the area. Thus, the trailer fires are combined in thos!' groupings. Each pseudo-point source ls defined 
as one of these groups \Vith a footprint of release set equal to the size of the area around each group of 
trailers for the fl.re {at its full bum). The inputs are de.scribed bdmv. 
" Three groups of trailers arc defined: 

c, Trailers Nos. 4, 5, and 6 arc treated as a combined pseudo-point source (Source ID EVSFJRE1). 
o Trnilcr No. 7 is treated as a pseudo-point snmTe (Source ID EVSFIRE2J, 
c Tn:iikrs Nos. 8 and 9 are treated as a combined ptendo-point sotm:e rso11rce lD EVSFIRE3), 

* Each pseudo-point source has an estimated flame temperature of 1,273 K (1,832 "F)JO 
"' Each pseudo-point source has a gas mdtvdodty of 5.4 m/s.11 Sec Section 4.2.3 for details. 
"' Each pseudo·point source group ofhurnlng trailers is assigned a different combined diameter to 

represent its unique footprint which considered the footprint of tbe trailers as well as the nearby 
spillage of materials as the fixes progressed from trailer-only to a disintegrating trail.er on either side ,1s 
the trailers and their contents were consumed, The pseudo-point diameter of the individual groups of 
trailer fires were: 
<'.'.l Trailers Nos. 4, 5, and 6 diameter of 16,0 m, 
c Trailer No. 7 diameter ofH.2 m. 
c Trai.lers Nos. 8 and 9 dl.amcter of 13A m, 

"' The height of release is taken as the average of the height of a typical trailer at 14 ft (4.27 m),. vvhich is 
the base height of the fire in its early stages and the ground at Oft, Le., an average height of 7 ft 
(2,13 m).+2 

"' Burn emissions took pbce in 2.0 hours and \Nere for the event totaL Thus, the total event emissions were 
scaled by 50% to each hour and scaled again based on the number of trailers fn each group. Thus: 
o Trailers Nos. ·4, 5, and 6 at 50~11 of the total emissions distributed over t:v,m hours, 
o Trailer No. 7 :,t 16,7% of the total emissions distributed over tv✓0 hours. 
c Trnilers Nos. 8 and 9 at 31.3% nf the total emissions distributed over t\11m hours. 

* Because of the overlap in ,ivhok hours fl 7:40 versus 17:00 for example), and due to the limitation of 
AERMOD only modeling: foll one hour time steps, the total event emission rate divided by the duration of 
tlle event (2 hours] was processed for each of the three hours of meteorology to be certain the 
meteorology and emissions were rnnsidered coincidentally. Thus, hours 1500-1600, 1600-1700, and 
l 700-1800 were all modeled to ,~nsure conservativeness. 

4.2. MODELS AND MODELING TECHNIQUES 

4.2.1. Model Selection 

A number of1nodds Vv'ere considered to perform this am.hlent fmpact assessmcntconslderi.ng the nature of the 
event emissions releases, the required characterlzatinn of each event (vapors, combustion, surface nrnas, etc.), 
the duration of tlw events, and rnmmonly acceptable models for regulatory modding. Some models may be 
applicable because nf their prior use in emergency rclc,tses like l.LS. EPA's Dense Gas Dispersion Model 

+P AERSCREEN User's Guide, EPA·4.54/B-1.6-004, 11.S. Bnvin1nmental Protection Agency, Research Triangle P,1rk, NC, 
Decembt~r :w:16, pp 13, 

4!!fased 011 an identified single puff change in height from ()ne time step t() another { calcullltii:rn performed multiple times to 
ctmfitm the plume i-iseJ .111d scaled.with known. hel.ght~ of irnarby stnictnres .fol' the Event 3 fire pluine. Assunwd to be 
simJ!at' to the Event Five plume l'ise ru.tes. fSe,e Footnote 25 fol' vldeo urlJ. 

1z https:/ / ops.fuwa,dotgov/freight/publkatio11s/size_regs_fl iw.i_rpt/ 
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(DEGADLS) and Laivrence Livermore's SLAB model, but both arc designed for dcnscr~than·air rdcases rather 
than the buoyant or neutrally buoyant pluine releases that resulted from the Arkema emissions events, Arkema 
also considered more simplistic models (Le. AERSCREEN) hut determined that such models did not provide the 
refinement required. The current regulatory model, AERMOD, can handle many types of sources and \Vas 
thought appropriate and representative of the Arkema sources. 

Therefore, this air dispersion modeling analysis uses the AERMOD model in its most current version as released 
hy (LS. EPA., Version 16216r which was released on January 17, 2017. H.5t U.S. EPA Issued an update to its 
modeling guidance in the form ofthe Guideline cm Air Quality Models, vvhich ,,v·as published on January 17, 2017 
and reported via the U.S .. EPA technical website,'\\.% 

4, 2. 2. Unit Emission Rate Modeling 

Because the rnnccntrations arc directly proportional to the emissions in dispersion modeling, a unit emission 
rate of LO g/s is used in all modeling, Where event emlssions were only on a total per event basis and not 
differentiated between trailer vapor streams, fires, or groups of trallers, the unit emission .is appropriately 
subdivided hctv,,een the contributing sources as per a wclghting related to the amount of materlJl engaged in 
the event For example, sec the last buf!et in Event 5 in Section 4.15 for a description of this distribution, 
Thereafter, the caku!ated emissions ivere Jssigned on a constituent by rnnstituent basis using a spreadsheet to 
prn-rate the contributions and make the final conccntratlon estimates per ev<!nt and per chemical constituent. 

4.2.3. Decomposition Vapor and Fire Plume Velocities 

Because both the decomposition vapor and burning scenarios in Events 2 through 5 arc associated with a rising 
phtnW: from a pseudo-point source, the vertical rise \<\1.JS cakubtcd using the relative height nflndivldttal puffs 
vvithin each plume over a short durJtion of time, The technique that \Vas used for either the vapor plume or the 
fire case was to observe video footage of the event \Vith the most avaih1blc footage, namely, Event Three which 
established that the decomposition events were similar as were the fires in terms of plume rise and observable 
smoke, The vertical rise was based on an identified single puff within the plumes and its change in height from 
one time step to another (calculation pcrfonncd multiple times to confirm the vertical rise), To dctenni11e the 
height'> of the puffa a side view of the plumes was determined and srnkd v1ritb known height'> of nearby 
structures. 

As an example, the Event 3 vapor plume is presented in Figure 4-2 vd1crc the calculation ofv.crtical rise was 
determined from the 4 m (13,1 ft) tracing of a puff over a time period of 3.44 seconds [sJ) resulting in a vertical 
rise of J.J.6 m/s (3,8 ft/s). 

Likeviise, the Event 3 fire plume \Vas measured and the vertical velocity of the plume mcas1.1rcd over a slmilar 
time step. Figure 4-3 shovils this plume ,vhere the calculation of vertical rise was determined from the 10.9 m 
[35.7 ft) tradng ofa puff over a time period of 2.0 sccrmds, resulting ln a vertical rise of SA m/s (17.8 ft/s). To 
determine lfthe vertical rtse \Vas representative of the shape and height of the plumes, the Event 3 fire was also 
modeled with a three dimensi.onal receptor grid in AERMOD .. Fi.gu.rc 4-4 shows the resulting plmnc whkh is a 

-n Stat,ed by U.S. EPA to be.pi.Jrt of the docket at DoliketlD No. EPA·HQ·OAH,2015-03.10 at,cl available as of date of S!.Jhm.itta! 
of this protocol. 

'14 Su.ppmt CiNiter for Reg,ikltm-y Air Modds, http://www.epa.gov/ttn/scrnm/di.sp.ersion._prefn,t.htm#aemmd 

40 Appendix W to Part .'11 ·(iuitiellne mi Air Quality Models. Fedei-al Register Vo! 02; No .. 10, Jammry 17, 2017. pp. 51 B2-S2JS, 

4;; Support Cent.er for Regulatory Air Models, http://www.epa.gov/ttn/sc1·am/ 
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reasonable representation of the actual Event 3 fire plume, The orientation of both Figures 4~3 and 4-4 arc 
looking north, 
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" Figure 4"2 measurements are ln Arlobe !m:be, and \-Vere scaled to feet m,ing tbe seated hdgbt of the trailers at H ft resulting in a scalar nf9 ft/inch, 
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4. 2.4. Coordinate System 

The locations of emission s.m.i.rces, structures, and receptors are represented in the appropriate zone of the 
Universal Transverse Mercator (UTM) cooniinate system using the North American Datum 1983 (NAD83), The 
Crosby plant and all modeled rcceptnrs arc located in UTM Zone :LS. 

4. 2.5. Terrain 

The terrain dcvations for each receptor, dowmvash structure, and emissions source were determined using 
United States Geological Survey (USGS) 1/3 arc-second National Elevation Data (NED). The NED, obtained from 
the USGS, provides terrain elevations at approximately JO meter resolution. ,u The AERMOD terrain processor, 
AERMAP (version 11103_), was used to assign the interpolated terrain height for each source, receptor and 
structure included in the model. 

In addition, the NED elevation files were used in AERMAP to compute the hill height srn!es associ11ted with each 
receptor., While seeming to be an irrelevant calculation for the area around the pl.ant which lrns very little 
elevation change fin the 14-16m range across most ofthe area), the computation vl'as nonetheless enabled to 
al!ov,i the A ER MOD nmdd to best determine the effects that any elevated terrain would have on the source 
plumes. AERMAP searched all nearby elevation poinb for the terrain height and location that has the greatest 
influence on each receptor (generally the highest point in the area) and uses that to determine the hill height 
scale for each receptor, AERMOD then uses the hlll height scale in order to select the point where a plume may 
divide between going around a terrain foature and lofting over the feature. Very few terrain features are noted 
in the Crosby Plant area hut elevations were included, nonetheless. 

4. 3. DISPERSION OPTIONS 

ln order to determine •Nhettwr the urban or rural dispersion option v-ms appropriate for the Crosby Plant 
emissions event modeling, Arkema characterized the land use surrounding the Crosby Plant. This data is 
important in determining the appHcabk boundary layer characteristics that affect a model's cakulatlon of 
ambient concentrations. 

The method used to determine the urban or rural status of the area around Arkema is rnlled the "Jand use" 
technique because it exam.ines the various land uses within three (3) kilometers (km) of the Crosby Plant and 
quantifies the percentage of area in various land use categories. ln the land use method, the land use within a 3 
km radius of the Crosby Plant v,ras analyzed using the land use scheme described by Auer (197B)'lil. Using this 
metlwdology, the Crosby Plant vvould be considered urhan if the Table 4-1 land mw typt'S 11, 12, Cl., R2, and R3 
were 50 percent or more of the area \Vithin the 3 km circle, otherwise itwm1Id he rnraL Follm.,rtng this guidance, 
2011 land use data (mosrrecent available) were obtained from the USGS through ArcG!S, and a three (3) km 
rndius circle inscribed dectnmically arnund the Crosby Plant '-·9 All data v.rere georeferenced and tabubted 
using the categories shov,m ln Table 4· 1 for urban and rural designation. 

Figure 4-5 shows the layout of the land use where greens, yellows and browns arc farmhmd, forests, and 
grasses,. pinks are non-i1rba11 developed lands., and red and dark red arc urban areas. Table 4-·2 shows the results 
of this land categorization process. As can he seen, the area is predominantly rural by an overwhelming margil1 

·11 http://www.rnrk.giw/vlewerjs/ 

4,$ Auer, Jr., A.H., <;m:relatfon of Land Use and covet with Meteorologi.ci-ll A.nomaHes. Journal of Applied Meteornlogy, 17(5)., Pll 
636·6'1·3., 1978, 

+~ http://www.mrk,gov/vlewerjs/ 
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at 955 percent Therefore, the AERMOD air dispersion mnddlng indudcd in thi.s analysis uses rural dispersion 
options. 
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4.4. BUILDING WAKE EFFECTS (DOWNWASH) 

The purpose of a building downwash analysis is to determine if the plume discharged from cmc of the vapor 
releases is influenced by the turbulent wake of any on.site buildings or other structures including the trailers 
them.selves, resulting in downwash of the plume, The dm1vnwasb of the plume can result in dcvated ground­
lcvd concentrations in the near wake of a building and is required for consideration in the modeling. 

The U,S. EPA's Building Prnfile fnput Program (BPIP) with Plume Rise Model Enhancements fPR!MEJ (version 
04274), are used to account: for building down wash influences on the decompositi.on vapor releases in Events 2., 
3, and 4,. No do,.,vnwash is induded for the rnmlmstion events modding given the high heat of release and little 
video evidence suggesting that building downwash influences should be considered. 

Table t-2 shows a summary of all downv,lasb structures lnduded in the modeling analyses, excluding the trailers 
v.rhich ivere added to each sccnari.o as appropriate and as shown in Figures 2-2 through 2-'t. Each traifor ls 
assigned typical dimensions of 53 ft length (16J.5 m), 8.53 ft width (2.6 m], and 14 ft high ( 4.27 m), The trailers 
were added to each event where appropriate because the video evidence showed that the trailers acted as 
dovi,.•mvash structures during the dcrnmpos!tion phase of the events. 
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Building or Anchor Coordinate, m 
Structure m East 

BLDG16 30491:'U 

WV/1 30,rn16,9 

W\\12 304833,1 

BWG10 304857.1 

BLDG28 304807,9 
17B 304H:l6 
17C 3tHB55.1 

l7D 304862,3 

17f26 304843,5 
17T24 304845 

171'22 3048465 

17T37 304B76.8 

17T39 30488L3 
l7T28 30487tU 
BLDG17 304892.5 
BLDGUl 304914,9 
BLDG34 3(H927.9 

BLDG24 304805 .. 6 

BLDG15 304816.6 
4T76STK 304712.5 

4T73STK 304713,6 

4T55STK 304721.6 

4T49STK 304732.4 
4T61STK 304730.7 

4T66STK 30474U 
4T67A 30471+2.2 

4T77STK 30,t7ff8,9 

4T675 304743.4 
4T77STK2 304753Jl 

4T43STK 304759,2 
4T32STK 3(H757 .. 2 

4T30STK 30474-8.3 
4T37STK 304737,.9 
4T29STK 304733.4 
4T28STK 304729,1 
4T27STK 30472(),2 

BLDG4A 3047812 

ELPG'1-B 304793,8 

BLDG.30 304992.1 

HLDG32 3049833 
BLDG21 30S.056J. 
BLDG27 305026,5 
BLDG 304976,6 
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North 
3314791.4 

3314869.84 

3314872.54 
3314781.7 

331-184·8 
33l485ILB 
3314853.02 
3314854.57 
3314KVi.,02 
3314827.72 

3314820.42 
3314823.12 

3314823.62 
3314817,06 

33148S2,2 

3314824.1 
3314842.6 
3314821,6 

33148055 
3314796,76 

33I479L07 

3314791.56 

331479109 
3314802.19 

3314802/.7 
3314796.l 

331'1-790.58 
3314790,27 
3314790,69 

3314775,6 
'.{314775.1 
3314773,6 

3314772.3 
3314771,l 
:3314770.4 
3314767.9 

3314797 

3314731 
3314874 

3314:844.2 
3314726,3 
3314714,4 
3314799,1 

Base Structure 
Elevation, m Height,m 

15,66 5JJO 
1557 12-20 
1559 12.20 

15.5 5Jm 
15,63 4,57 

15.52 3,70 

15.61 7.60 

15.65 7,60 

15.51 5.20 
1553 5.20 

15.55 5.22 

15.64 3.07 

15-65 5.18 
15.63 3Jl5 
lS,65 1(160 
15,66 4,00 

15.61 4.90 

1Sh 7.32 

15.52 5.49 
15.4H 6.10 

15.44 4,57 

15.43 5-1.H 

15.48 6.10 
15.55 6.71 
15.58 5,49 

15.SS 5.49 

15.57 4.57 

1553 5.49 
15.59 3,% 
15,52 5,20 

15.54 5.20 

15.53 5.20 
15.41 5,00 

15.36 5.00 
15,:B 5.00 
1s.:n 5,00 

15.53 JL60 
15A 5.80 

15.95 17,70 

15,95 4.90 
15.64 6.60 
15.54 4 . .35 
15.54 6.60 
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4,5. RECEPTOR GRID 

The receptor grids indu<led in the air dispersion modeling for each emissions event follmv the most recent TCEQ 
modeling guidance, which meets or exceeds the receptor grid requirements ontlined in the emissions event 
modeling request letter,:;o,:;i Each modeling analysis includes a series of nested receptor grids as described 
below; 

► Tight receptors: 25 m spacing around the fence line and including receptors out. to 250 m beyond the fence 
Hne; 

► Fine receptors: 100 m spadng from 250 m to 1,000 m beyond the fence line; 
> Medium receptors: 500 m spacing from 1,000 m to 5,000 m beyond the fence line; and 
► Coarse receptors: J,000 m spacing from 5,000 m to 10,000 m beyond the fence Hne. 

Figure 4"6 and Figure 4"7 shotv the full receptor grid used in the modeling as well as the innermost receptors of 
the grid near the Crosby Plant, respectively, 

Figure 4--6, Full Modeling Receptor Grid for dw Cnmby Plant 

si) Ai.r Qm1lity Modeling Guide!l!H~·,APDG 6232, Air Pe!'mits Dlvisfon, Texas Commic5Si(m on Envinmrnent;il Quality, Austin, 
Texas, April 2015, 

51 Ilmis~ions event mudeHng request letter dated September 26, ,HH7, frun1 Ms. Warda Omar; TCRQ l!oust,m Region, to Mr. 
Leslie Comrmlelle, Arkema, ;:md TCEQ Emissions Events Modeling Cheek.II.st dated !)ecember 20:1.6, 
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Figure 4-7, hmemwst Portion of the M.odeHng Grid for the Crosby Plant 

4.6. METEOROLOGICAL DATA 

Meteorological data was required as inputto the AERMOD model to allmv the charncterixation of the transport 
and dispersion of the emissions associated with each emissions event at the Crnshy Plant. 

In order to identify meteorological data most representative of the area surrmmding the Crosby Plant dmlng the 
emissions events., Arkema reviewed m£tcorn1ogkal data collected hy the National Weather Service (NWS), from 
tho TCEQ monitoring network (TAMfS), from the Houston Regional Monltodng (HRM) network and from other 
sites in the Crosby Plant area, Revimv of the sites in the area revealed that the N\VS and TCEQ sites remained 
operational over the period of record of interest (approximately August 28, 2017, through September 4, 2017) 
whereas most HRM sites were lowered and/or taken online to vdthstand the hurricane force winds for portions 
of that period to withstand the hurricane force winds. 

Based on the site proximity, similarity ofhmd use and geographical setting, and general climatic fr'.atures, the 
HRM Wallisvme Road., \'\'al!isville, TX statlon was identified as the most representative m.etenrologlcal data set to 
represent the Crosby Plant.32 As shown in Figure 4~H, the HRM WaHisvilk Road Monitor is located 
approximately l.4 km south of tht1 Crosby Plant, is in similar terrain as the Crosby Plant, is located inland away 
from the Gulf, imci ls closer to the Crosby Plant than the George Bush Intercontinental Airport monitor (located 
30 km west of Arkema),. the Walhsvme HRM site remained operational throughout the period but was lowered 
from its normal 10m (32 .. 8 ft:J height from Augt1st2$, 2017, at06:00hours to August 31, 2.017, 10:lOhou.rs to a 

0•http:/ /www17 .treq<texas.,gov /til m iS/lndex.cfrn 7fose11ctlon"'report,vtew _~!te&si te!D"' 7S9&slteOrderBy"'naine&showActive 
Only,,O&.showActMunOnly"'l&formSuh"' l &tah"plt:s 
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height of4.27 m (14 ft). Even at this 101,vcr height the station was still opcrntional and therefore, still useful. 
Other backyard and non•ccrtiflcd sites were not considered for this modeling effort 

Figure 4-8- Location of the ttmw \Vallhwillc Meteorological nata Stat.ion 

4.6.1. Meteorological Data Processing* Surface Data 

Hourly mcteornlogical d,c1ta (wind speed, wind direction, temperntun>, sbndard deviation ohvind direction 
(slgma theta), and net radiation) for the period of record. of interest was obtained from the HRM WallisviUe Road 
Monitor and proct,sscd along with surface data from the George Bush lntcrnatlonal Airport (Kl AH, WBAN No, 
12960)Y' In the Stage 1 application of AERMET (Version 16216), the Wallisville data vvas treated as on·sitc data 
to facilitate its entry into the processor. Thus, use of the Wallisville data was ahvays prioritized in the 
processing. Unprocessed hourly surfaco meteorologkal field data vvas also obtained from the U.S. National 
Cli.matk Dat,1 Center (NCDC) for the George Bush Intercontinental Airport, KIAH for August 28 .. 2017, through 
September 4, 2017., in the st;u1dard integrated surface hourly data (ISHD, or TD,3505) format. 54 The KIAH dam 
was supplemented wl.th TD-6405 (so-called "1 •mitmtc") wind data, processed us lug the. latest version of the 

rm As M the wrl.ti.ng of this .11.wdeH!ig r&port, th& data collected from tlrn HRM Wallisvme Road Monltorhas Mtheen valldllted 
bytheTCEQ. 

""ftp://ftp.ncck.noaa.gnv/pub/data/noaa / 
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AERMlNUTE one i-ninute data prnccssi.ng tool (Vcrslon 15272)."" A tbreshold ,vind speed of0,5 m/s was used in 
AERMET consistent with ll.S. EPA guidance. The VVallisvrne ra'N data was recorded in Central Standard Time 
(CST). A ERM ET and AERMOD arc designed to work in Local Standard Time (LST), and thus no time zone shift 
was performed for the wamsvi.llc dnta. The KIAH airport data was recorded in UTC. Thus, AERMET's time zone 
shift parameter was set to subtract 6 hours from the K[A H data observation times in order to properly convert 
thern to the CST that is used by AERMETand AERMOD. Because some of the emissions event data was recorded 
in Central Daylight Time, when defining the start and end times for each event, care \Vas taken to ensure that the 
start and end times in AERMET and AERMOD were properly selected to match the actual start and end times of 
the events. The "Ice-Free Winds Gnrnp'' AERMlNUTE option was selected Jnd appUcd in ARRMINUTE due to the 
fact that a sonic anemometer was installed at KIAH on June 11. 200956 Because the Wa!Hsvrnc tower ,vas 
lowered from its normal 10 m height to 4 .27 m dming the pass.age of Hurricane Harvey from August 25 06:00 
hours to August 3110:10 hours, the actual measurement height for each hour ln the period was included as part 
of the raw onsite data provided to AERMET, By rending in this dnt,l, f\ERMET is a hie to properly accmrnt for the 
fact that the anemometer height changed during the course of the storm. 

Use of the lotvered wtnd sensors from 10 m to 4:.27 m is justified for the following reasons. First, anemometers 
cJn he at any height above ground JS long as the sensor !s located iwopcrly on the supporting stn.1cture and free 
of obstructions. Many wlnd instruments at airports arc located at heights lower than the standard 10 m and are 
still used in dispersion modeling studies. As long as the height abov,>grnde of the anemometer is known and 
provided to the model, the A ERM OD rnodd has fornmlations which can adjust the measured ,,vind speed to the 
height of each smu-ce rd ease using the given height of the sensors as the base height in the calculations. 

Due to expected high wind speeds, tho tower on 1,vhith the anemometer and vane 1-vcrc mounted was lowenid to 
a height of 4.27 m and remained at that heightthrnughm1t the modeled perlod for Event 1 of August 29. For the 
hours Jt this lower height, the inputs to AERMET t,verc adjusted to account fo.r the height change while keeping 
the height at 10 m for all other hours (thi.s can he viewed in the surface files provided to TCEQ, namely. 
"WALLISV[LLE .. ARKEMALU .. HgtShift .. NoADJUSFC"). 

To further demonstrate that the 4.27 m height \Vind speeds were applicable within the range of nearby 
roughness heights, the height of the wind measurement was evaluated to detcnninc if near-ground mechanical 
turbulence distorting the wind measurements might occur. EPA'sAERMOD Model Formulation and EvahtationS) 
document addresses this condition in Section 2 iWodel Overview. As the document states, AERMET and AERMOD 
use a required minimum wind measurement height alwvc ground level that is equal to 7 times the surface 
roughness (z0) in the area, The results of the AERSURFACE land use analysis of the Wallisvillc monitor location 
indicated that the highest surface roughness value for any direction around the monitor is 0.26 meters, Thus, 
using the AHR.MOD 7 times z,, calculation gives a minimum acceptable anemometer height fr1r this location at 
1.82 m, The 4.27 m tower height in this case l.s well ,1bove this minimum valne and thus vms appropriate for use 
v.rith AERMOD. 

4,6.2. Meteorological Data Processing~ Upper Air Data 

Uppt}r ai.r measurements arc also required in the modeling in addition to surfare metcorologiral data, AERMET 
requires the use of data from an upper air sounding to estimate ml.x!ng heights and to assist !11 thi:i rakulati.on of 
the temperature and turbulence profiles. Opper air data from the nearest representative O.S. National Wt1atlwr 

,, ftp://ftri,ncdc.noaa.gov/ pu.h/d,ita/asm,,onemi n 

M htt1J://www.nws .. no.1;tgov/ops2/Smfact!/docu1nents/!FW_statpdf 

"' AFIR.MOD l•todel Fr>rmufotfon and.1:'valuati1m, IWA•454/R•l7•001, U.S. Envirm1mentaI Pl'(ltt~dim1 Ag1::11t1', Researdi Tri.mg!e Park, 
NC, May 2017, 
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Service (NWS) rad1osondc-cquippcd station was utilized in the preparation oftlw mcteorologic,ll data sets. In 
this case the TCEQ upper air station choice for Harris County used in alr perrnlt modeling and also the closest 
representative upper air station was that at Lake Charles Airport [KLCH, WHAN No. 039:'rl), which Js ahout 
ms km east northeast of the Crosby Plant Data ,vere obtained from the National Oceanic and Atmospheric 
Admi11i.stration {NOAA] ln FSL [Forecast Systems Laborato1y) format for August 28, 2017, through 
Septe1nher 4, 2017. 58 As \Vith the KIAH airport weather data, the raw upper air data uses UTC as the tlme zone, 
and thus the appropriate 6-hour adjustment was applied using AERMET's time zone shift parameter. 

4.6.3. Meteorological Data Processing~ Land Use Analysis 

A land use analysis charaLterizes the features that nm affect nwteornlogical parameters and the model 
derivation of turbulence. Three specific parmneters are required by AERMET and are derived from the land use; 
surface roughness parameter, Bowen ratio, and albedo. In accordance with U.S. EPA guidance, these values arc 
determined using the latest version of the AERSURFACE tool (version 13016).59 AERSURFACE reads gridded 
land use, land cover data as provided by the USGS and associates the data with representative vallles of the three 
parameters listed above.@ The land use analysis is based on the moisture conditions at the Crosby Plant at the 
time of the selected data set (\Met). The AERSURF/1.CE processor was nm with 12, 30-degn,e sectors for 
determining the surface roughness parameters. Other spedfk AERSURFACE settings were used that represent 
the location of the Crosby Plant. These settings induded locafom coordinates,. seasonal variation (summer), 
aridity (non-arid}, and the surface moisture determination (wet) whkh was just discussed. 

4.6.4. Meteorological Data Processing 

Following the coi!cctim1: of the WaHisvllle data, the KIAH surface data, and the KLCH upper air meteorological 
data, the AERMET processor was used ,1s described above to process the Stage 1, 2, and 3 analyses. 'I1w results 
of this processing include a surface and profile files for August 28, 2017, through September 4, 2017, Both flles 
are used in the AERMOD modeling. The AERMET surface, and profile mes are described in Section 7 and 
provided with the electronic files< 

Because each event ls of finite duration over a specified period oftime, all hours of111eteornlogy that arc part of 
the surface and data files generated by AERMET arc not processed. for each event. Rather only the hours of each 
event arc processed in AERMOD ivlth the sources for that event. To facilitate this selection the meteorology 
section of AERMOD (ME key•,vord) has a functional keyword, namely, STARTEND, thatallmvs the selection ofthe 
day (s) and hotw (s) where the modeling 1,vilJ start and end. This function was used to select the appropriate 
beginning and ending homs to process for each event in the modeling. As noted above,. AERMET and AERMOD 
are designed to use LST, even during Daylight Savings Time. Thus, the one hour shift betv.'een Standard and 
Daylight time was accounted for vvhen defining start/end times tn AERMOD< 

,$ http://www.esd.noaa,gov/raobs/ 

59 U.S .. Environmental Pt<otection Agency. 2013. "AERSURFACE User's Guide." EPA·4S4/B"Ofl-001, Rev.ised 01/16/2013. 
AvaHahle Online: b.t.m;/J't:lW'Jtl.~.ltl!laffi:'.ffl'1:illllilU11'lthm.u~m·mruit'.iW'SUffi)i;,i.\ il£flr£.UiiliWJJ.lf 

.:,ii http: //www.mrk.gov/vlewe1·js/ 
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5. MODELING RESULTS 

The maxi.mum modeled grmmd--level concentrations obtained using the approach described in Section 4 are 
presented in this section, The ekctrnuk files including modd input fiks, preprncessor files, meteorological data 
files, and model output files and results arc indutkd in Section 7. The remainder of this Section 5 presents a 
tabnlar s:tmmwry and comparison to applicable ambient air standards and TCEQ benchmarks as ,,vell as plots 
shovving the locations of maximum impacts for each event as wdJ as the area distribution and normalized 
concentration gradient nf ambient imp.acts. 

As the emissions events occurred during different discrete time periods, the modeled impacts are reported on a 
per-event basis, 

5.1. EVENT ONE {INCIDENT NUMBER 267578): WASTEWATER TANKS (14·T·2A/2B} 
OVERFLOW 

The mndded 1-honr ambient concentration impacts from the wastcw;,ter tank overtlmv event arc summarized 
in Table 5- L The modeled emission rate represents the average hourly rate for the duration of the event. As can 
be seen all maximum .1.-hour concentrations are less than their applicable AMCV or ESL (the lo,vcr of the two are 
used in the mndcl-to-hcnchmark wmparisons]- Figure 5-1 shows the maximum location of the unitemlssions 
('LO g/s) Event 1 release, the concentration isopleths as a function of percent of the nmximum concentration, 
and the accompanying \Vind rose indicating the direction from which the 1.ivind 1.ivas hlov,'ing during the event. 
Because this figure is for unit emissions, the magnitude of the maximum ls not presented but was rather used 
along with event emissions to provide the maximum ambient impacts in Table 5-L 

Constituent CASNo. AMCV7 
T-Amvi Alcohol 75-85·4 N 
T-Butyl Alcohol 75-65-0 N 

Oi-T·Buty[ Peroxide 110-05-4 N 
Di-T,Amv! Peroxide HlSOH-09·5 N 
2,5 Dimethyl-2,5 Di 78-63·7 N 

(T•Butyl Peroky) 
Hexane 

Ethvl Benzfmt~ 100-41-4 y 

Naphthalene [Crude 91-20-3 y 

Or Refined) 
1, 2, 4,- 95-63·6 y 

Trimethylbenzene 
Hydrotreated Heavy 64742-4B-9 N 

Naphtha 
Odorless Mineral 6855147-7 N 

Sn!rits !OMS) 
Naphtha, light 64742,95•6 N 

ammatk 
Xylene, mixed 1330·20•7 N 

isomers 
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Maximum 
AMCVorESl. Modeled Impact Modeled I.mp.acts 

hm/m3) fo.e/m:1) <: AMCV or ESL? 

:no 2.-u Yes 
620 5,0 Yes 
100 21.0 Yes 
1.00 12.7 Y1';S 

100 1.2 Yes 

8(,,000 20,2 Yes 
500 l7J:i Yes 

15,000 93,0 Yes 

3,000 17,6 Yes 

3,500 130.4 Yes 

4,400 289,6 Yes 

2,200 21.1 Yes 
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Al~ r~>.::~::~~.:::M:t:~~i:: ::::~:.~c~8':'1 ~.<{, ~F::·:;-:,.~: (:>i.>,:~~~:::=.::.t~>-:;.: 

?-:~~::~:- t~~-· ?~/:;H:~}J ~k~::.<~::·: .. 
tlTM i'.m,tlng /ml 

{),2 • lJ) 

Lt· :HU} 
lOJ · 2$3) 
25.1 .. 50.0 

5. 2. EVENT TWO (INCIDENT NUMBER 26 76 79): ORGANIC PEROXIDES STORAGE 
TRAILER NO. 1 COMBUSTION 

The mode.led 1-hour ambim:it conccntratl.on impacts fr.om one storage trailer (Trailer No. l) decomposition and 
comhusttcm event are summarized in Table 5-2, Table 5•3,. and Table 5.4 respectively, for the NAAQS., for Staui 
Property U11c Analysis, and for either the AMCV or ESL .. Event 2 was modeled as two sources. The first source 
represented the 30 n,in of product dccomposition(Vapur). The modeled emisskm rate for t:hc decmnposlthm 
source represents the average emission rate for the duration oft.he decomposition event (O.S hour). 'the second 
source represents the combustion of the remaining product and trailer(s) (Fire). The 111odclcd emission. rnto 
represents the average emlssiqn rate for the duration of the combustion event (.LS hours). All constituents were 
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not emitted by both sources and the selection of the apprnprlatc maximum unit cmlsslons·hascd concentration 
from the modeling (either decomposition or fire) was made and v1ras prorated to the individual constituent 
rdca,se cmis,sion rates, As can be seen the concentrations for all identified NAAQS-relatcd values arc less than 
the respective values and averaging periods as shmvn in Table 5-2 (for averaging periods longer than the 
duration of the event, hours of no-event v.rcrc assumed to have zero contrihuti.011 ln the calculation of the 
appropriate period). Table 5-2 shows that SOz was less than the State Property Line ;-'\nalysis 1.-hour threshold. 
Tabk 5-3 shows that tbc maximum 1-honr c:onccntrntions for the remainder of the volatile nmstit.11ents, except 
for Odorless Mineral Spirits (OMS) and Acetophcnmw, nre less than their applkahle AMCI/ or ESL (where an 
existing AMCV value takes priority overtht, ESL}- Figures S·Z and S·3, 1vspectivdy shm,v the ma:dmmn location 
of the unit emissions (LO g/sJ Event 2 dcwmposHlon (vapor) release and the Event 2 fire. Each figure also 
shnvvs the concentration isopleths as a function of percent of the maximum concentration. 

Pollutant Averae:ine: Period 
co l 0 hour 

H-bour 
Nni 1-hour 

l 0 hour 
SOz 3-hour 

24·lmur 
PMrn 24-hour 
PM2.s 24-•hour 

Pb 3-month 

Pollutant Averaging Period 
SO;,: 1-hour 

Constituent CASNo. AMCV? 

Nnmme 11Hl4·2 y 

Nonene 12.4-11.u N 
OMS 68551•17•7 N 
Acetone 67-64-1 y 

Acetophenone 98-86-2 N 
2-Ethvl hexa1w! 104-76-7 N 
2-Ethvl hmrnnal 123-05-7 N 
Hvdtofhwric Add 7664-39-3 N 
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NAAQS 
fui;,/m3l 
40,[)(l[) 

10,000 
188 
1.96 

1. . .300 
365 
50 
35 

(l.15 

Stam Property 
Line Standard 

htg/m3l 
715 

AMCVorESt 
fu.e:/m3 ) 

16,000 
5,800 
3 50(! 

26,000 
490 
540 

1,400 
3 

Mmdmum 
Modeled Impact Modeled Impacts 

fw;,/m") < NAAOS'l 
Z9A Yes 
5.S Yes 
1J3 Y,•s 

{),22 Yes 
0.11. Yes 
0.01 Yes 
:L2 Yes 
1.2 Yes 

()Jl00024 Yes 

Modeled 
Maximum Modeled Impacts< State 

Jmpact Property Line 
fue/m1) Standard? 

0.22 Yes 

Maximum 
Modeled Imp.act Modeled Jmp:acts 

fiig/m3) < AMCV or ESL? 

15,759 Yes 
5,206 Yes 

16,734 No 
7.5 Yes 

19,684 No 
16.6 Yes 
5.4 Yes 
(U Yes 
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An accompanying vvind rose indicating the direction from which the wind was blowing during the event or 
event-subset is also provided in each figure. Because these figui-cs arc for unit emissions, the magnitude of the 
maximum is not presented but WJS rather used as approprintc to account for impacts due to decomposition r 
fire J}ongwith event emissions to provide the maximum ambient impacts in Tables 5-Z through S-4. The plume 
shapes, concentrati.on gradients, and directions would be the same tor each constituent modeled. 

Figure 5-2. Event Two 1-Hour Unit Embi,hms Cmu:entratfou Plot for the DccomrwsiUon Phase 

1J~ t·~;;t~rcl~r::~t~~ s:fv,w,.-~::: a~ ttfM ,t;~;~~t<~:~~~~·:;;, 
i~:::~~~/ ) r~,. 1~\~~(:f:~ .l~,~~·m::•::, 
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Figure 5-3. Event Two l•Hour Unit Emissiom; Concentration Plot for the Hurn Phnse 

* < tJ,1 

(\2 · LO 

L1 "lOJ) 

HU - 25A} 
25'1 .. 5(t0 

0 sn,1, 99,11 

Maxlrnpart 

5,3. EVENT THREE (INCIDENT NUMBER 266756): ORGANIC PEROXIDES STORAGE 
TRAILERS NOS • .2~3 COMBUST!ON 

111e modt\.kd 1-hour ambi.en.t rnnc,entratkm impacts from the.second stora.gt1 traHer (Trailers Nos, 2 and 3) 
dccompositfrm and comht1stion event are stm1marizecl 1n Table 5·5, Table 5-6, and Table 5-7 respectively for the 
NAAQS., for State Property Line Analys.is, and for either the AMCV m· ESL Event 3 was modeled as two sources. 
The tlrst source represented the 30 min of product decomposition (Vapor), The modeled en,Jsslon rate for the 
decomposition source represents the average emission rate for the duration of the decomposititm event (,5 
hour). The second source represents the combustion of the rmnaining product. and trailer(s) (Fire), The modeled 
emission. rnte represent'> the average emission rate for the duration of the rnmhustion event (1.5 hours). All 
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constituents were nllt emitted by both sources and the selection of tJ,e appropriate maximum unit emissions­
based concentrntion from the modeling (either decomposition or fire) was made and was prorated to the 
individual constituent release emission rates. As can he seen the concentn:itions for all identified NAAQS-rdatcd 
values are less than the respective values and averaging periods as shown .in Table 5-S (for nveraging periods 
longer that the duration of the event, hours of no-event \•Vere assumed to have zero contribution in the 
calculation of the apprnprl.ate period), Table S-6 shovvs that 5011,vas less than the St.ate Property Une Analysis 
1-hour threshold. Tahk S-7 shows that for the remainder of the constituents that the maximum 1-honr 
concentrations nn~ less than their applicable AMCV or ESL (\vhere an existing AMCV value takes priority over the 
ESL). Figures 5·4 and 5·5, .respectively shO\A/ the maximum location of the unit emissions (LO g/s) Event 3 
decomposition (vapor_) release and the Event 3 fire. Each figure also shows the concentration isopleths as a 
function of percent of the maximum concentration, and the accompanying wind rose indkating the direction 
frnm which the wind was blov-.ring during the event or event-subset Bccan:m these figures are for unit emissions, 
the magnitudE of the maximum is n()t presented hutv,'as rntlwr used as appropriate to 3ccmmt for impacts due 
to decomposition or fire along with event emissions to prnvldc the maximum ambient impacts in Tables 5.5 
through 5•7. 

Table S<:L Event Three Modeled impacts: NAAQS Analysis 

Pollutant Averaging Period 
co l·bour 

8·tWlff 

N(h l•hour 
Sfo l•bour 

3•bour 
24·hour 

PM;iJ 24--hmir 
PM2.s 24•-hour 

Pb 3-mont:h 

Pollutant Averagin,.i Period 
SOz l•hour 
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Maximum 
NMQS Modeled Impact 

hui/mi>} b1g/m3) 
40,000 3.65 
10,000 0,68 

um (U9 
196 0.04 

l . .300 ().()2 

365 0.003 
sn (U6 
35 (U6 

{}.15 0,0000045 

State Property Maximum 
Line Standard Modeled Impact 

(ue/m3} h1Mm11 
715 0,04 

Modeled Impacts 
< NAAQS? 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Modeled Impacts 
< State Prnpe:rty 
Line Standard? 

Yes 
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Table 5-7, Event Thtee Madnmm 1 ·Hour Mode.led Ci:mcentrations: Health Effects Analysis 

Constituent CASNo, AMCV'! 
Nonane 1.11.-84,-2 y 

Nonene 124-11-B N 
OMS 68551-17·7 N 
Acetone 67·64·1 y 

Acetophenone 9H-H6-2 N 
Z·Ethvl hexanol 104-76•7 N 
2-Ethvl hexanal 123-05-7 N 
Hvdrofluoric Acld 7664•39-3 N 
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Maximum 
ESL or AMCV Modeled impact Modeled lmpact:s 

htMm:il htg/m3) < AMCV or ESL'! 

16,000 4S1 Yes 
5,800 148 Yes 
3,.500 240 Yes 

26,000 0,78 Yes 
,i90 282 Yes 
540 0.16 Yes 

lAOO 0,16 Yes 
3 0,01 Yes 
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Figim~ S-EL Event Three 1-Hom· Unit Embsiom; Concentration Plot frw the Burn. Phase 

l'itN!i!llagitilf 

Max hi!pl!d (%) 

@ <tU 

1\2 · LO 
Ll ❖ l(\{} 

10.1 • 25,0 

25.l · so,o 
$0,l • 99JJ 
M<lX lmpl.Ct 

5.4. EVENT FOUR (INCIDENT NUMBER 266771); ORGANIC PEROXIDES STORAGE 
TRAILERS NOS. 4-9 PRODUCT DECOMPOSITION 

Tho modeled 1-hour ambient concentration tmpa.cts from the decomposition (Vapor) of two trailers in the 
Trailer Nos. 4·9 storage area (Trailers Nos.. 5 and 8) are summarized i.n Tohle 5-8 for either the AMCV or ESL. 
The modeled emission rate represents tho average hourly rate for the duration of the event As can be seen the 
concentrations for all identified oonstituents that the maximum 1-hour concentrations arc kss than their 
applicable AM CV or ESL (the lower of the t1No al'c used In the mock1-to-bcnchmark comparisons). Figure 5-6 
shows the maximum !ocati.on of th.ti unit emissions f 1.0 g/s) Event 4 decomposition (vapor) release as i,.vell as 
the concentration isopleths as a function of percent of the maximmn concentration, and the accompanying wind 
rose llld!cattng the direction frpm which the wind was blowing during tho event, Becattse this figure ts for ,w.* 
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emissions, the magnitude of the maximum is not presented hut was rather used along with event emissions to 
provide the maximum ambient impacts in Table 5-8. 

Table 5.3, Event .Four Maximum 1-Hour Modeled Couccntratious: Health Effect-: Analysis 

Maximum Modeled 
AMCVorESI. Modeled Impact Impacts 

Constituent CASNo. A.MCV? fwz/m 3 } foe:/m:1} < AMCV or ESL? 
lsobutane 75-28-S Yes 23,00{) 89,4 Yes 
lsobut,mc 115-lJ-7 Yt:S 180J}OO ZB.8 Yes 
OMS 68551·17-7 Yes 3,500 197.2 Yes 
Acetone 67-64-1 Y,m 26,()f)() 1191 Yes 

5,5, EVENT F!VE (INCIDENT NUMBER 266778): ORGANIC PEROXIDES STORAGE 
TRAILERS NO$, 4·9 CQMSUST!ON 

The modeled 1-hour ambient concentration impacts from the third storage trailer (Trailers Nos. 4-9) 
combustion event are summarized in Tahle 5-9, Table 5-10., and Table 5-11, respectively for the NAAQS, for 
State Property Linc Analysis, and for either the AMCV or ESL The modeled emission rate represents the average 
hourly rate for the duration of the event. As can he seen the concentrations for all identified NAAQS-relatcd 
values are less than the respective values and averagi.ng periods as shown in Table 5~9 (for averaging periods 
longer that the duration of the event, hours of no-event were ,.1ssumed to have zero contribution in the 
caku!Jtion of the appropriate period)- Tahle 5-10 shows that $02 vvas less than the State Property Line Analysis 
1-hour threshold. Table 5-11 shows that for the remainder of the constituents that the maximum 1 ·hour 
concentrations are less than their applicable AMCV or ESL (the lower of the tvw are used in the model-to• 
benchmark comparisons), Figure 5-7 shows the maximum location of the unit emissions (LO g/s) Event 5 fire, 
The figure also shows the concentration isopleths as a function of percent of the maximum concentration, and 
the accompanying wind rose indicating the direction from which the ,1,ind ivas blowing during the event or 
event-subset Because this figure is for unit emissions, the magnitude of the maximum is not presented hut was 
rather used along with event emissions to provide the m.aximum ambient Jmpact.s in Tables 5-9 through 5-11. 
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Table 5-9, Event Five Morhded l mp acts: NAA,QS Analysis 

Maximum 
NAAQ.S Modeled impact Modeled Jmpact:s 

Pollutant Avera~:ini; Period htMm:il hti;/m3) <NAAQS7 

co 1-hour 40,000 9.22 Yes 
B-hour 10,(}()[) 231 Yes 

NCh 1-bour um 0.4B Yes 
S01 1·hour 196 (W9 Yes 

3-hour I,300 0.06 Yes 
24-hour 365 0.01 Yes 

PMw 24-hour 50 0.54 Yes 
PMz.ci 24-hour 35 0,54 Yes 

Pb 3-month 0,15 {W00015 Yes 

Table 5-10, Event Five M•ode1ed hnpacts: State Property Lille Analysis 

Pollutant /h1eratrh1t!: Period 
SOz 1-hour 

Constituent CASNo. AMCV? 
Nornrne 111-84-2 y 

Nonene 124-11-8 N 
Isohutane 75-28-5 y 

Jsobutetw 115-11-7 y 

n-pnmanol 71-23,8 N 
n-urnriana! 123-38-6 y 
sec-butanol 78-92-2 N 

sec-hntanone 7B-93-3 y 

OMS 68551-17-7 N 
Acetone 67-64-:t y 

Acetophenone 98-86-2 N 
2-Ethy! hexannl 104-76-7 N 
2-Ethvl hexana] 123-05-7 N 

Hydrofluoric Add 7664-39<1 N 
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Modeled 
State Property Line Maximum Im.pacts < State 

Stam:httd Modeled Impact Property Litw 
flw:/m 3l h12/mJl Standard? 

715 0,()9 Yes 

Maximum 
AMCVorESL Modeled Impact Modeled Impacts 

fti.g/m11 fu2/m3) < AMCV or ESL? 
16,000 3.43 Yes 
5,800 U3 Yes 

7B,OOO 0,76 Yes 
620,000 0.24 Yes 

2,460 lUO Yes 
1,800 0,03 Yes 
3,000 {),33 Yes 

59,000 0.11 Yes 
3,500 3.94 Yes 

26,{l()(l 237 Yes 
490 .L46 Yes 
540 3.12 Yes 

1,400 1.02 Yes 
3 (),(}3 Yes 
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6. AMBIENT BACKGROUND MONITORING DAT A 

There are five ambient background monitoring stations located within ts km of the Crosby Plant/;1 Table 6-1 
lists the monitors, their distance from the Crosby Plant, and the pollutants that each monitor measures. Figure 
6-L Ambient Backgrmmd Monitors near the Crnshy Plant shm-vs the location of each monitor m prnximity to the 
Crosby Plant 

Distance from Location 
Crosby Plant Relative to Pollutants 

Monitor Name AQS CAMS (km) Crosby Plant Measured 
Crosby Ubrnry 48-201-0553 553 5-44 Southwest Oio1w 
Huffman Wolf 4-8-201-0563 563 12.63 North· Oione 
Road Northwest 
UH West Liberty 4l3"201-0699 699 12.84 North-North east Ozone, N(h_, CO, 

PM2.s 
lfavtnwn Garth 48-201.-1017 1017 14.S-l South-Southe,1st Ozone, S(h 
V\lal!bvi!lc Road r+B-201-0617 617 1,Lsn South-Southeast Ozone, N02. 

Spedated VOC 

"1 As (>bt.::l!ned from https://www.tceq.tex,is:gi:w/cgi·bln/rompliance/monops/selei;t,.year,pJ'lregiun"'l2, and the Houston 
Reg-lom:11 Monitoring (HRM) Network. 
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Arkema dovvnloadcd and revlev,rcd the CO, SO,, NO,\ PM,!;, and spedated VOCs background monitored 
concentration data for the following time periods: 

► The one (l) month period preceding the emissions events; 
is. Date Range: July 29, 2017, through August 2B, 2017 

► The six (6) day period encompassing all five [5) emissions events; 
., Date Range: August 29, 2017, through September 3, 2017 

► The nvo (2) hour period of each combustion event (Le, Events 2, 3, and 5); and 
is. Event 2: August 31, 2017: 02:00 hours through 04:00 hours 
is. Event 3: September 1, 2017; 17:00 hours through 19:00 hours 
"' Event 5: September 3, 2017; .15:40 hours through .17:40 hours 

> The one (1] month period following the emissions events, 
"' Date Rangti: September 4-, 2017, through October 3, 2017 

The tables in this section include the ,iverage and maximum background monitoted concentn,tion data [as 
available) before, during. and after the Crosby Plant emissions events,62 As shown in Table 6--2 through Table 
6-9, the monitored nmcentrations are ,,veil bcl01,v the applicable NAAQS standards, Al\KVs, or ESLs, which is 
consistent ¼ith the modeling results ind uded in Section S of this report 

Tabk 6~2, Aven,ge MnnHfwcd CO Cmu:entratimH, Hdnre., During,and Fo!lmving ihe Crosby Plant 
Emhrnions Events 

Average Average Average 
Monitored Monitored Monitored 

Concentration Concentration Concentration NAAQSfpmul 
Prior to During Crosby Following Crosby 

Emi~<Jions Plant Emissions Plant Emissions 
Monitor Events 1 Events 1 Events 1 

(CAMS} frmm1 h'mm1 (ppm) 1-hour 8-hour 

699 0,1 tl22 0.18 35 9 

'The time perfod pd()r w the emls:;ium; events ls defined as the one fl) montJi perilid preceding the emlssions <!Vents (luly 29 .. 

2(H7, tlmmgh A11gust 28, 2017), The time period during the emisi,ions events is defined as the six (6) day period encompa~slng all 

five { 5) emissions events [August 29, 2017, through September :t 2017l The time period fol!owing the emissions events ls 
defined a;; rhe wie [1) mm1rh period following th._, t•misslon~ events [September 3, 2{)17, through October 3, 2{H7). 

i,;;pMz,,, and spedated VOC data was obtained from the HRM netwurk, H1:1sed ,on the <lV<lllabllity of m.(mitorlng ,fat.;1, this 
analysis is Hmlt.ed to the review of h;:ickgnnmd cmH:entrations durlngthe Croshy Plant em\~$ions events, 
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Tuhle 6-3, Average Monitored SO;; (jmcentrations Before, During, and Following the Crosby Plant 
Em.issions Events 

Average Average Average NAAQSfoob 
Monitored Monitored Monitored 

Concentration Concentration Concentration 
Prior to During Crosby Following Crosby 

Em:issiom, Plant Emissions Plant Emissions 
Monitor Events: 1 Events 1 Events 1 

fCAMS} hmbl frmh} fopb) l-hour 3-hour 24-bour 
1017 (UO 0-26 (l.12 75 500 140 

' The Ume period prior to the em!ssbns event!, is defined as the oiw (1) month perivd preceding t!w emission, events {lu!y 29, 

2017, dm;ugh August 2H, 2017), The time IH,rlod during Uw emls:,ion;; events iS deihwd as the six (6) day period enmmJMssing all 

five (SJ emls1dons €'vents (August 29, 2017, thrnugh September J 2017)- The time period following the emission~ events l5 

defined as the one (1) nwnrh period follotving the ,•m.l~sions events [September 3,2017, thrnugh October 3, 20171-

Table 6-<L Avt~rage Monitored !'HJ, Ci::mcentnHfons Before, During, and Fnllnwing the Cn,sby Pliml 
Emissions Ev(.ints 

Average Monitored Average Monitored __ NAAQS(fillbl._ 
Average Monitored Cotu:ent.ration Outing Com:entratfon Following 
Concentration Prior Crosby Plant Crosby Plant Emissions 

Monitor to Emissions Event,.; 1 Emissions Events 1 Events 1 

(CAMS) fot1b) fnob) ftmb} t-lmur 
699 2.0 1,5 2.0 100 
617 53 5.9 ri1 

:c TlK, tlme pmfod pri()r w Hw emissions event, is defined as the one (l) month periml pre,ctdlng the emissions events (July 29, 

201 7. through August 2H, 2fl 17). The time perl()d during the emis,1ions events is defl.ned as the six (6) day period ent(lmpa~sing all 

five ( 5] emissions events (Augusr 29, 2017, through September l 2017). The time period following the emissions events is 

defined as the one (1} month iwrlod fo.llowing drn emission~ ev(mts (Septen:cber 3, 2017, through October 3, 2017). 
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Table 6·$, Maximum Monitored CO Concentrations Before,. Uuring, and Fd.fowing the Crosby Phmt 
Em.issinns Events 

Maxhnum Monitored Maxi.mum 
Maximum Concentration During Crosby Plant Monitored 
Monitored llmlssJons Events 1 Com:entration 

Concentration hmm) following NAAOSh:mm) 
Prior to Crosby Plant 

Emissions Emissions 
Monitor Events 1 Events 1 

{CAMS) h:mm) EventZ Event3 Events i hmm) 1-hour 8-hour 
699 I OA 02 0,2 --- 0,4 35 9 

; The time iwriod priorw the emissiom events is defoied as the one (l) month period prer.eding the emlsslons events {July 29, 

2{H 7, through August 28, 2017} Emissions EventZ is defined as August 31,2017, 02:00 ht:mrs through (H:00 homs, Emissions 

Event 3 is denned as September 1, 2017, 17:00 hours through 19:00 hours. Emis~:ions Event 5 is defined as September 3, :Hll7, 

15:1-0 hours thrnugh 17:40 lmurs, Tbe time period friJkwiing the emls,kms events h defined "s the one (1) month period 

fo!Jowing the emissions evimts (September 3, 2017, through Octoher 3, 2017), 

:i The dati during Emissions Event 5 ls listed ;;is Utr. which means the darn !s lo~t (either nev<"r collected or lost in 

romm11niratinn ). 

Tabk 6•6,. Ma><immn 11/hmitnr'txi SO;: Conccntrntkms iid,:we,, During, and Fallowing the Crnsby Plant 
Emissions Events 

Maximum Monitored Maximum 
Maximum Concentration During Crosby Monitored 
Monitored Plant Emissions Events Concentration 

Concentration flmb) Following NAAQS foubl 
Prior to Crosby Plant 

Emissions Emissions 
Monitor Event., Events 
(CAMSl fonb) Event:2 Event3 Event5 foobl 1-hour 3-hour 24-bour 

1017 OA ! -- 03 0.2 2.3 75 500 140 

; The time periorl prior to the emissions event~ is defined ;is t.!rn one (1) month perii1d preceding the emissions ,'ver1ts flu!y 29, 

2017, thrnugh August 28, :W'l7), Embs.ions Event 2 is defined as August 31, 2017, 02:00 hours thmugh 04:UO hours, Emissions 

Event 3 is defined a:c; September 1, 2017, 17:HO hour, tlmmgh 19:00 hrn1rs, Embslons Event Sb defined as September 3,. 2017, 

15:40 hours through 17:,H) lrnu.rs, T}w time period fo11owing the emissions events is denned as the mw (1) month period 

following the emhsions events {September 3, 2017, through October 3,2017). 

,: The data during Emissio.ns Event 2 is listed as QAS, which means TCEQ WiclS performing a qua.!ity control audit during the time 

perimt 
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Table 6,7, Ma:idmmn Monitored N((: Com:cntn:ithms Before, During,. ,:md Following the Crnshy Plant 
Em.issinns Events 

Maximum Monitored Maximum 
Max.imum Ci:mrent.raUon Durlng Crosby Monitored 
Monitored Plml.t .Emissions :Events Concentration 

Concentration foobl Following NAAOS fnobl 
l'rior to Crosby Plant 

Emissions Emissions 
Monltor Events Events 
{CAMS} flmh} EventZ :Event3 Event5 fonb) t-hour 

699 7,0 1.A u 0,8 95 
100 

617 215 9 (d 4.7 27.B 

' The time period prior to the emi%ions events ls defined as the one (1) month ped1Jd prei;eding the emissions event~ (lu!y 29, 

2017, thrnugh August 28, 2017), Emis~ion:, Evt•nt 2 iii defowd as August 31., 2017, 02:00 hour~ thrnugh 04d)O lmur;;, fa11i,$io11s 
Event 3 ls det1n&l as September l, 2017, 17:00 hours through 19:00 houn. Emissions Event 5 is defined ~.s September 3, 2017, 

15:40 hours dmmgh 17:40 houn,. The tinw period foJlowing the (emissiom: events b defined as t!w one (l) month JWriod 

foUowll1g the ernissions events (September 3, 2017, through Octolwr 3, 2017]. 

Maximum Monitored Concentration During Crosby Average 
Plant Emissions Events 1 MMito:red 

ru.e:hu?l Com::entratlon NMQS fa1g/m3} 
During Crosby 

Plant Emissions 
Event~ 1 

Monitor Event2 l Event3 l•hour (u!!lm•l 24•.hour 
\Val!isvl!!e Road "" 17 17 :t4 35 
fHRM Network) 

; Emissions Event 2 is defined as August 3.1, 2017, 02:00 h{)urs through 04:00 hours, Emissions Event 3 .is defined as September t 
2017, 17:00 hours thnmgh 19:00 hour\i. Emission~ Event 5 ls defined ,,s Septernhi•r 3, 20:17, 15:4fl hour~ through 17:40 !murs. 

The time period during the embsions events is defined as the six (6) day period ern:ompassing a!! five CS) emissions ,1vents 

(August 29, 2017, through Septemb,Jr 3, 2017), 

:i PM2smo111tnrlng datJ WBS Mt avail.tb!e during the time perl<ld of Emassi()US Event Z. 
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Table 6-9. Mnnltored VOC Corn::entratimls during Uw Crosby Ph:mt Emissions Events 
(VValHsville Roai:t HRM Network,. Monitor) 

Ma:dmum Monitored Average 
Couceutn1tion During Crosby Monitored 

Plant Emissions Events u Concentration. AMCV 
flmbl During foohl ESL frmb) 

Crosby Plant 
Emissions 
Events 2 

Constituent 1 CASNo. Event l Event4 Event 5 frn:>b} ST ST 

lsohutane 75-28--5 NIA ('):} 6,9 12,9 33,.(}(}() 9,700 
lsolmten,e us.11.7 N/A (},3 0.14 l.O 270,000 7B,OOO 
Ethvlbemwne 100°'+1-4 ·- NIA NiA 1.3 20,000 6,000 
Xy!enes 1330-20, 7 .. NIA N/A RS A•A• 511) 

1,2,4- 95-63-6 "" N/A N/A 6.6 3,000 890 
Trimethv!benzene 

' Data ls 11rnvtrforl for any speck-Ired VOC evaiuau,d by the HRM Network \<Vallisvilfo Road Mo11iwr that ls t•m.itted. during the Crosby 

P!a.nt emissi.ons events. 

'' Emission~ Event 1 i~ defi11ed as August 29, 2017, 12:00 lmurs through 18:06 hours, Emi%l011s Event ,tis defined as Sephimher 2, 

2fH 7, 14:17 hours 1brnugh September 3, 2017, 0:00 hours, Eml:,slons Event S lsdeflnd as September 3, 2017, Ei:40 h()l.m, 

through 17:iJ-O hours, The time period during the eirdssjons events is defined as the six [6] day pel'iod encompassing a!! flve (5) 

emis~ions events (August 29,201.7, through September 3, 2017), 

-1 !fa monitf!red cmwentrntion is listed as N/A, thb means th,at thr sped fie VOC is not nnitted during thM embsions event If a 

monitored concentrnthm i, given as dm,be,., this mean, that monitorillg data h 11nt available during the time peruid of the 

emlssiom, event 
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7, ELECTRONIC F!LES 

All of the air quality dispersion modeling analysis dcctrnnk dat,a files used to gencrnte the results presented ln 
this report are provided in the accompanying ekctrnnic file folders. Tlwse de<.trnnic data files include the 
follm-ving: 

> All AERMOD input, output, and plot data files; 
► All dov.rnwm,h input and output files; 
► Meteornlogkal files, including AERMET, AERMfNUTE, l:md surface and profile data; 
> Toxchem modeling files.: 
► Spreadsheet shm•ving all modeling results wlth comparisons to the applicable standards; 
> Spreadsheet shovdng all rnw background monitored cnncentratkm data; and 
► Electronic copy of the mod.ding report 

The follmvingtables summarize the electronic files, 

file N;:ime File Description 

OU\ERMOD Input and Output Files See Table 7-2 for a det,~iled description of contents, 

02 .. MeteomlogicaJ Files 
AHRMET and AHRMINUTE tiles. See T,1hle 7-3 for a detailed 

03 BPIP -

04._AERSURFACE 

05 .. Toxcbem 

Model Results 

Background Concentration Workbook 

FlNAL Crosby EE Modeling Report 
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fh,sociate.d 
Emissions Event File Nmne Files File Uescdptfon Receptor Grid 

1 Event Lzlp 

2 Event2.zlp Input File (*.aml) 
Output Fne Tight, Fine, 

(*,am!) Unit Emission Rate 
3 Event 3,zip Plot File (".p!t) Modeling Medium, and 

Receptors File 
Coarse grids 

4 Event ,kz.ip (''.ROlJJ 

5 Event S,zip 

Levd Metenrnlogic,d FUe N;:nue Time Pedod 

Surface 
WAUISVILLE .. ARKEMALIJJ·fgtShift.,NoADJU.SFC B/28/2017-

Profile/Upper WAUJSVlLLE_ARKEMALU_HgtSbift~NoADJU,PFL 
Air 

Ark!:'.mm, Int, 'I Crosby Plant Fmi~sions Event ,Vt:ididing 
Tr1n1ty Consultants 

Confidential Business Information 

9/4/2017 
H/2B/201.7-
9/4/2017 

ARK_ TCEQ_0000439 

ED_004042_00000162-00067 



Ark,,ma, !nc I Crosby Plant f:'rnic:sions Event tbdding 
Trinity Comli!\"i:1nt.::; 

Confidential Business Information 

APPENCHX A: TCEQ, MODEUNG REQUEST 

ARK_ TCEQ_0000440 

ED_004042_00000162-00068 



Bryan \V, Shaw, I'h.n., P.E, Cha1rnwn 

Toby Baker, Commfa'Sli:mer 

Jon Niermmm, Cammlssioner 

!:Uchard A. Hyde, I'.f_, Executive Dfrectvr 

TEJCA.S COMMISSION ON EN\11RONMENTAL QUALITY 
Pm.ect/ng 'Jexas by Reducing and Preventing Pollution 

Septt•t:nber 26, 2017 

CERTIFIED MAIL #91 7199 9991 7033 3049 0328 
ELECTRONIC RETURN RECEIPT REQUESTED 

Mr, Leslie Comardelle, Plant Manager 
Arkema Inc. 
J$000 Crosby Eastgate Road 
txosby, Texas 77532 

Re: ··,Additional Information Request for; 
Arkema Crosby Plant, 18000 Crosby Eastgate Road, Crosby (Harris County), Texas 
Ret,ruJated Entity No.: 100·210<,0l, h1cident Nos.: 266756, 266771, 266778, 267578, 
267679, Investigation No,: 1438846 

Dear .Mr. Comardelle: 

The Texas Commission on Environmental Quality (TCEQ) Houston Regional Office has received 
the Final Records of the following emissiom,· events: Consolidated Cm:nphance and 
Enforcement Data System (CCEDS) Incident Nos .. : 266756, 266771, 266778, 267578, 267679. In 
order to complete our review, 1.ve are requesting air dispersion modeling to show off-property 
impacts from the emissions of all pollutants which were released from the plant as a result of 
these'events. This Information is being requested pursuant to 30 Tex. ADMJN. CODE§ 101.201(f) 
which states that ''the owner or operator of a facility experiencing ,m emissions event must 
provide, in ¾>Tfting., additional or more detailed information on the emissions event when 
requested by the executive director , .. within the t:irne frames established in the request~ 
Please provide this mformation by October 16, 2017. 

The Texas Commission on Environmental Quality appreciates your assistance in this matter. 
Upon our revievv of the information submitted, we will determine whether the emissions events 
noted above are excessive under 30 TEX. ADM1N, ConE § lOL222(a). We vv:iU notify you of our 
determination and whether you will need to take additional actions to reduce emissions, 

If you or members of yot!l' staff have any questions, please feel free to contact Mr. Jason 
Holloman in the Houston Regional Office at (713) ?67·3553. For modeling related questions, 
please feel free to contact the Air Dispersion Modeling Team, at (512) 239,1250. 

Warda Omar, Air Section Team Leadex 
Houston Region 

cc: Ms. Ca:i:olyn Hervey, Environmental .FJ1gtnee.r,. Arkema Crosby Plant, 18000 Crosby 
Eastga.te Road, Crosby, Texas 77532 

Enclosure: Modclmg Checklist 

TCEQ 12 • 5425 Polk St, Ste. H • Houston, Texas 77023·1452 • 713.·76.7·3500 • Fax 713·76.7·3520 

Austin He:11dqu11tters: 512-23fH.OOO • w.iq,to:as.gov • How is our customer service? tre.q.texas.go1,/rnstomersurvey 
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Modeling Checldist - Emissions Events 

If an i.mpacts evaluation is requested for an emissions event, an air quality 
analysis should be conducted for the 1.mauthorized emissions, This 
demonstration is compared to the applicable AMCVs/ESLs, state property line 
standards, and NA.A.QS, The air qualtty analysis in support of an emissions 
event should include the items below, as appropriate. 

Please note if a modeling demonstration is requested of a company, the 
company must provide all electronic modeling files and the air quality analysis 
(AQA) to the investigator. This information should then be sent to Dianne 
Anderson (J2i;1n11e.i\ndersrn1::iPtLf~H~tgs1iB.,.RQY) to be assigned and reviewed by 
the Air Dispersion Modeling Team (ADMT). All elec\ron.ic files and AQA must 
be provided in order for ADMT to bef,,rin their review. 

For large files, a company can either send files via t7'P or in the mail on a CD 
or USB Drive to: 

Dianne Anderson 
Texas Commisston on Environrnental Quality 
Air Permits Division 
12100 Park 35 Circle, Bldg, C 
MC~l63 
Austin1 TX 78753 

Project Identification Information 
• Provide the following information to clearly identify the analysis: 

o Regulated Entity 

o Facility 

o Incident Nmnber 

o Permit Number, as applicable 

o Regulated Entity Number 

o Customer Reference Number 

o Nearest City and County 

Project Overview 
$ Include a brief discussion of the event (reason for the revievv), 

duration of the event, and types and locations of emissions under 
12/2016 Page 1 of 6 
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consideration. 

Constituents Evaluated 
• Llst all constituents that ,Ne.re evaluated. Be sure to provide all 

relevant information for each constituent evaluated 
(standard/AMCV/ESL, CAS number, etc.). 

• For health effects analyses1 compare modcl results: to AMCVs, if available. 
Othenvise, compare results to appropriate ESL. 

Plot Plan 
• Depending on the scope of the project1 several plot plans may be 

needed to present all requested information. 

• Prmlfde a plot plan that includes: 

o A dearly marked scale. 

o All property lines. 

o A true-north arrmv. 
o llTM coordinates along the vertical and horizontal borders. Please do 

not use plant or other coordinates. 

c Include the datun1 of your coordinates. 
o Reference lJTivl coordinates and locations of all emission points 

including fugitive sources modeled. 

o Labels/IDs and coordinates for emission points on the plot 
plan should correlate ½1th the information contained in the air 
quality analysis. 

o Buildings and stn1ctures on-property or off-property wbich 
could cause dmvnwash. Include length, ¼'idth, and height 

Area lYfap 

• Include an area map with the air quality analysis. The map should cover 
the area within a L9-n1ile (3·kilometer) radius of the facility if used for 
the Auer land-use analysis .. 

• The area map should include all property lines. For sites '¼ith a single 
property line designation (SPLD), include all property lines associated 
with the SPLD. Also include a copy of the SPLD petition ,vith the air 
quality analysis. 

• Add UTMs to the horizontal and vertical dimensions of the :map 
section1 as well as the date and title of the map. Include the datum of 
your coordinates. 

12/2016 Page 2 of 6 
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Modeling Emissions Inventory 
• 0frProperty Sources to be evaluated, 

o Include all source parameters and emissions rates associated \<\1th 
the event, preferably in table format 

o Identify special source types or characterizations such as covered 
stacks, horizontal exhausts, fugitive sources, area sourcesf open pit 
sources, volume sources, roads; stockpiles, and flares, 

o Include all assumptions and calculations used to determine as 
appropxiate the size, sides, rotation angles, heights of release, initial 
dispersion coefficients, effective stack diameter, gross heat release 
and weighted. (by volume) average rnolecular weight of the mixture 
being burned .. 

o Specify particulate emissions as a function of particle size; mass 
fraction for each particle size category; and particle density for each 
particle size category, as applicable. 

Table Correlating the Emission Inventory Source Name and 
EPN with the Source Number in the Modeling Output 

• Include a table that cross-references the source identification numbers 
used in the modeling if they are different from the emission point 
n1m1bers in the permitted Maxilnrun Allowable Emission Rate Table 
(IvIAERT) or from any additional list of sources, 

Stack Parameter Justification 
• Indude the basis for using the listed stack parameters (flow rates, 

temperatures, stack heights, velocities). TI1is should include the 
calculations used to determine the parameters. 

Scaling Factors 
• Discuss how emission scalars were developed and used in the modeling 

demonstration. 

Models Proposed and Modeling Techniques 
• Include a detailed discussion of the models that were used, model 

version numbers, and the model entry data options such as the 
regulatory default option and the period option. 

JI! Discuss any specialized modeling tedmiques such as screening, 
collocating sources, and ratioing. 

• Include assumptions and sample calculations. 
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Selection of Dispersion Option 
• Base the selection of urban or rural dispersion coefficients on the Auer 

land·use analysis. 

• Include a detailed discuss-ion and sufficient techru.cal justification to 
support the selection of the dispersion option. 

Building 111 ake Effects (Downwash) 
• Discuss how downwash structures were detennined and include 

applicable information required to use the EPA1s BPIP--PRIME. Submit all 
input files and files generated by the BPIP·PRIME program, and any 
computer assisted dral-ving files. 

• Provide a table of structure heights used in the dmvnwash analysis. 

Receptor Grid 
• Discuss hm-v the receptor grids were determined for each type of analysis. 

• Include the datum of your coordinates. 

• Discuss if terraj11 was applicable. If so, discuss how terrain for 
individual receptors was determined. 

ft{eteorological Data 
· • Indicate the surface station, surface station anemometer heighti 

surface station profile base elevation, uppeMili' station, and period of 
record, as applicable, 

• In dude the meteorological data fi.les used for all demonstrations. 

• Discuss how meteorological data were determined or replaced. 
Include AD1"IT approval of replacement data. 

• In addition, submit all the supplementary data used to develop the 
specific input meteorological parameters required by the meteorological 
pre-processor programs. 

Modeling Results 
• Smnmarize and compare the modeling results relative to all 

applicable AMCVs (ESL if an AMCV does not exist),. state property 
line standards, and NAAQS. Tabulated results are preferred. 

Digital Inf onn.ation (.M~odel Input/Output and Associated 
Computer or Electronic Files) 

• Include: 
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o All input and output files for each dispersion model run, including 
data, grid and plot files. 

o All files produced by a software entry program. 
o All automated. downwash program input and output files and any 

computer assisted dra-i.ving files. 

o Ail meteorological data files in .ASCII format. If meteorological data 
wiJl be processed for the emission event period, include all 
meteorological data preprocessor input and output files. Be sure to 
include full documentation and the supporting technical justification 
for the processing of the meteorological data. 

o All boundary files1 including computer assisted dra-i.ving files, 
specifying coordinates for property lines. 

o Include all spreadsheet files used for comparison of predicted 
concentrations ¾ith standards or guidelines. This includes, but is not 
limited to, spreadsheet files used for ratio techniques. 
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Emission Estimate of Waste t-Vater Tank Overflow 

Arkema lnc. - Crosby 
Tank 2A 2B Overflow Emissions 

August 29, 2017 

There are two waste water tanks (2A and 2B) used to treat wastev,mter containing mineral spirits. Tank<, were almost full (98%-99%) and an organic layer was on the top 
of each tank when heavy rains caused thP tanks to overflow. \l\lhen organic layer is spilled on the ground, it spreads out, vaporizPs, and results in air emissions. 

Tank 2A: The tank was measured ,•vith a 6 inch organic layer p1ior to the overflow and 1/4 inch after the overfluvv. The tank has a diameter of 35 ft. the volume of 
overflow is based on the net volume of the organic layer before and after the overflow. 

Tank 2B: Measurements are not available for the organic layer, however, an esnmate of the volume of organics was based on typical waste water organics generation. 
After reviewing the past four 90-day dispo.sals of waste water organic.s, the daily average \Vaste water organics generation from the process units is 45 g3l/day. Fur 
consenratism, itis assumed that 2 days-worth of production organics (90 gallons) were in tank 28 at the time of the overflow 

Density of Mirn,ral Spirits fl l 
Tank 2A Diameter 12] 

Thickness of Organic Layer f2 I 
Organics Overflow from Tank 2A [2] 

Organics Overflow from Tank 28 [3] 

Component [41 

T-Amvl Alcohol 
T-Butvl Alcohol 
Di-T-Hutv] Peroxide 
Di-T-Amvl Peroxide 
2,5 Dimethvl-2,5 Dt (T-Butvl Peroxv) Hexane 
Ethvl Benzene 
Nanhthalene [Crude Or Refined\ 
1, 2, 4 -Ttimethvlhenzene 
Hvdrotreated Heavv Naohtha 
Water [51 
Mineral Snirits 
Naphtha. light aromatic 
Xylene, mixed isomers 

Total Active Oxv12:en from OrE!anic Peroxides r61 

Notes: 

6.67 lb/gal 
35 It 

0.48 ft 
:'l.448.37 gal 

23,007 54 lb 
90.00 gal 
600 48 lb 

Normalized 
Min wt% Max wt% 

wt% 
[4] [4] 

[4] 

0% 20% 8.58% 
0% 20% 8.58% 
O~li1 50;(1 2.15o,1, 
0% .5% 2.15% 
0% 5% 2.15% 
Q{Vo IJ..O;i.1 1.72% 
0% 4% 1.72% 
4%1 22°AJ 9.44% 
0% 4% 1.72% 
0% 0% --
0% 80% 31.331¾-J 

28% 60% 25.75% 
0% 4% 1.72% 

0% 0% --

Total Organic Total Organic Total Organic 
Total Organic 
Spilled from 

Spilled from Spilled from Spilled from 
Tanks 

TankZA TankZB Tanks 
Normalized 

lb/event lb/event lb/event wt% 
1971.90 51.51 2,026.H 5.13E-06 
1,974.90 51.54 2,026.44 5.13E-06 
493.72 12.89 S0G.61 128E-06 
493.72 12.89 506.61 12BE-06 
493.72 12.89 506.61 1 28E-06 
394.98 10.31 105.29 l 03E-06 
394.98 10.31 405.29 103E-06 

2,172.39 .S6.70 2,2.29.08 S 64E-06 
394.98 10.31 405.29 1 03E-06 

-- -- 395,234,134.55 1.00E+OO 
7,899.58 206.17 8105.76 2 USE-05 
5,924.69 154.63 6,079.32 154E-05 
394.98 10.31 405.29 1 03E-06 

-- -- .. 

[1] .According to "Waste Water Organics (with OMS Diluent} In House Profile.pdf' provided by Arkema, specific gravity is 0.7-0.9. Average specific gravity 0.8 is used in the 

calculation. 

[2] Provided by Arkema based on tank diameter and measurement of orgamc layer ptior to and after overflow. 

[3j Provided by Arkema based on the best estimate assuming typical daily production and tvvo days of production. 

[4] Per 'Waste Water Organics (with OMS Diluent) In House Profile.pdf' and "Waste Profile for Wastewater Organics with Mineral Spirits (Signed 11-18-14).pdf' provided 
by Arkema, wt% of components dre normalized based on the maximum wt% of each possible component in Wdstewater. 

[5] Weight percentage of water is changed from maximum 1 oc:10 to 0°/iJ to be conservative For total event normalized concentrations, the volume of water includes the 
estimated volume of stormwater flow through the spill area over the event period [t.e., Estimated 1 mph stormwater flow across area of 1..55 m x 100 mover 6 hours}. 

[6] Weight percentage of total active oxygen from organic peroxides is changf:d from 1 % to 0% to be conservative. 

Arkema Inc. - Crosby 
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Arkema Inc. - Crosby 
Tank 2A 2B Overflow Emissions 

August 29, 2017 

Tank Overflow Emissions Based on Toxchem Modeled Results 

Maximum Wastewater 
Tank Concentration [2] 

Compound r11 CASNo. (ppm) 

T-Arnyl Alcohol 75-85-4 5.13 

T-Butyl Alcohol 75-65-0 5.13 

Di-T-Butyl Peroxide 110-05-4 1.28 

Di-T-Amyl Peroxide 10508-09-5 1.28 

2,5 Dirnethyl-2,5 Di ('!'-Butyl 
78-63-7 1.28 

Peroxy) Hexane 

Ethyl Benzene 100-41-4 1.03 

Naphthalene (Crude Or Refined) 91-20-3 1.03 

1, 2, 4 - Trimethylbenzene 95-63-6 5.64 

Hydrotreated Heavy Naphtha 64742-48-9 1.03 

Mineral Spirits -- 20.51 

Naphtha, light aromatic 64742-95-6 15.38 

Xylene, mixed isomers 1330-20-7 1.03 

VOC Totals (lbs/event): 

VOC Totals (tons/event): 

Total Emissions Emissions from 
[3] Flooded Area [4] 

(lb/event) (lb/hr) 

42.85 7.14 

8.85 1.48 

37.30 6.22 

22.51 3.75 

2.18 0.36 

35.92 5.99 

31.27 5.21 

165.37 27.56 

31.27 5.21 

231.B4 38.64 

514.98 85.83 

37.44 6.24 

1,161.79 --

0.58 --

1 l-lydrotreated heavy naphtha was modeled as naphthalene, mineral spirits was modeled as decane, and light naphtha was modeled 
as pentane. 
2 Wastewater tank concentrations based on normalized wastewater organics composition. 

3 The emission event occurred from noon to 6 PM on August 29, 2017; therefore, multiplied the hourly emissions hy six (6) to 
determine the overall emissions for the event for each chemical compound. 

4 Hourly Emissions (lb/hr)= Toxchem Modeled Results (g/day) * 1/24 (day /hours)* 1/453.59 (lb/g) 
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Ai'kema Inc. - Crosby 
Tank 2A ZB Overllovv Emissions 

August 29., 2017 

Tank Overflow Unit Parameters 

lutltwnt Stream 
Flow Rate [ll 1,097,872-60 i:mm(US) 
Strnpended Solids 200'rmm 
VSS tn SS Ratio 100 % 

o.ppm 

Oil/Grease Conce11tratkm O!ppm 
Temuerature r:;q 7LH deg F 

22 deg C 

Lagoon (Polishing Pond} 
Liquid Depth [3} 1.55 m 

Surfan" Arna f4l 40J}OOJJO 
., 

m" 
Effiuent SS Com:entrntion 200 ppm 

Site Parameters 

Efovatfon [5] 14.00 ff! 

Wind Speed !.2.l 17.13 mph 

Site \Nide pH 7 

tonst'rViltive assnn:ipb.rm 

Unit Conversion 

/\sstnnt no c:lHH1§1i(:: 

Tmffhem Defrm!t 

[1] Flow based on estimated quantity of waste,varer org;.mks overflowing the tank divided by the estim;ired 
duration of the event. 
[2j Tempenlh.ire and wind speed from the \Val!isville Road C617 (EPA Site Nn. 4fl-2(}l.l)6l 7) monitoring site 
[https://wwwJceq,tt•x,Js.gov /cgi-hin/rnrnp!iann"/monops/ye,1rly_stm1.mmyp!J, accessed October 17, 2017. 
Maxinmm temp,~rattlff' was calculated from 12:00 PM to 6:00 PM on August 29, 2017. 
f3] liquid depth based on difference in elevation between tanks and property line at drainage point 
[4.l Surface areil oflagoon represented to be 100 meters by 4-00 meters based on flow path from tank overflows 
to property line, 

[SJ Elevation was determilled using National Elevation Data (NED) obtained frnm the Unlted States Geological 
Survey (USCS). 
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En1issions Summary 

Emission Source co 
Products in Trailer No. 1 C.misumed in Fite 511.17 
Trailer Consumed in Fire 484.38 

Pallets Consumed in .Fire 133.SO 

Containen: Consumed in Fire 342.90 

Refrigeration Unit Consumed in Fire 61.72 

Rcfri2.crant Consumed in Fire 
Batte1y Consumed in Fire 

Diesel Fuel Comsumed in Fire 0.13 

Total Emissions 1,533.79 

Summary of Speciated Emissions 

Compound CAS# 

Nondne 111-84-2 

Nonene 12-1-11-8 

OMS 68551-17-7 
Acetophenone 98-86-2 

2-Ethvl hcxanol 104-76-7 

2-Ethvl hexanal 123-05-7 

Acetone 67-64-1 

Ethane 74-84-0 

Hydroftuork Acid 7664-39-3 

Lead 7439-92-1 

co 630-08-0 

NOx 10102-44-0 

PM --
PM1,, 

PM25 --
S02 7446-09-5 

Unclassified VOC [1] --

Note: 

NOx 

5g_62 

15.50 

4.27 

10.97 

1.98 

0.60 

92.94 

Arkema Inc. - Crosby 
Trailer No. 1 Emissions 

August 31, 2017 

Emissions (lb/eventl 
PM PM10 PM2.s 

176.71 176.71 176.71 

387.50 387.50 387.50 

106.80 106.80 106.80 
274.32 27432 274.32 

49.38 49.38 49.38 

5.37 5.37 5.37 
0.08 0.08 0.08 

1,000.16 1,000.16 1,000.16 

Contaminant Total 
Code 

lb/event 

56703 1,297.43 

5670-1 427.13 

59275 1,069.31 

59861 805.93 

51521 869.00 

51601 282.94 

54020 393.76 

56550 38.32 

11162 3.28 
14319 1.82 

90300 1,533.79 

70402 92.94 

10000 1,000.16 
20000 1,000.16 
39999 1,000.16 

70510 11.56 

500001 261.76 

[1] Unclassified VOC includesVOC emissions from combustion products. 
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4.751.74 

124.00 

34.18 

87.78 

15.80 

3.28 

9.79 1.82 

1.78 0.01 

11.56 5,013.50 3.28 1.82 
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Summar ofEmissions from Trailer 1 

J:m1s~io11'irm,n: voe 
Decorn ositionto Va or - Unburned 
Detorn ositionProducts Burned 

Total 4751.74 

1, Emi~~ioris om Decom usilior1 tu Vt or - Unb11rr1e1l 

co 

51117 
511.17 

Product 
Decomp Composition Vapor \11-1:% 

Lup 188M'/S 

Am~ma Inc. -Cm~c1y 
TrinityConsu:ta1'\ts 

[1] [l] 

Confidential Business Information 

Emissions(ili/eveut] 

59.62 
59.62 

Dt:cumµlo 
Vapor, 

JJnburned­
Toh.l 

1,181.15 

176.71 
170,71 

Dt:LUlllplu 
Vapor, 

llnlrnrned -
~penated 

lbs 
Z/693 
9148 
126',( 

294.06 
345.89 
46.19 

Arkema Inc. - Crosby 
frailer No. 1 Emissions 

August J 1, 2017 

176.71 
176,71 

Spel.iatetl voe 
Emissions to 

Aff 

Z/693 
9148 

294.06 
345.89 

1,000.37 

176./1 
170.71 

Pase2of7 
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(b) (3) (A), (b) (4)

2. Emissionsfrvm Decomposition Product:,• Bumud 
VOC Emissmns 

Pwdm .. l 

LuplO 

Lup10M7) 

Lup188M75 

LupS46M./S 

Tot□ls: 

NOx CO and P:\1 Emissions 

l'ollutaats 

f'M 8 

Notes 

Original Composition 
[4] 

N•od•~rapuoxoic,.cid,1,1 
dirneth;rlotilylc.t•r 

Hydrnperoxide,1,1-dirnethylethyl 

Neodec•neperoxo:c•cid,1,1 
di..-ut!qletilylmte1 

NJ.phtha (petrn!eum), hydrotreatc,d 
heavy 

NJ.phtha (petroleum], heavy alkylate 

Hyrlropf'HlXFlf', l,J-rlirnf'flJylethyl 

N~dod•~n•puo"Co1cK1d, 1-metiljd-1-
pil•nj•l•thyl Ht•r 

Benzcncrncthanol,.J.lpha.,.alpha. 
dimethyl-

Bemene (l-methyle:l1yl]­

Eth,.none, 1-phl"nyl 
r~,.pith,. (petro!e1.u1.J, hydroneued 

Napbtha(pemileum],heJ.vyalJ.:yJate 

r .. ro:r;ydKnbonir ,rirt h1,[l-,.tt1y\-,.1;yl] 
N,.pith,.(pl"lrolf'lJ!l'l],hydrorr .. Ul"d 
heJvy 

Naphtha (_p•~trnletllllJ, heJ.\':y alkylate 

Pro ·rieta1 com onent 

l>/eodPcanepHOXOK aod, J, L-
d1rnPth7lprnpylr>ster 

Nwhtha(pPtrOIE'lJill],hydrotrP;Jtf'd 
]\E',!Vj' 

Naphtha (_pe•rn!eum], hmvy alkylate 

H:,rdropern'.'.icle,1,1 d1rnethylpropyl 

Ennssion Factors Emtssions 
lhlMMhtu ih'i r.veat 

019 llbll 

Origim1l wt"/4 

[4] 

Decomposed 
Compur.1lion 

[1] 

\!onene 

C,ubunD,oxide 
OMS 
Ac•~tone 
:V::ethane 

/4-s..---769,o \!onane 

Aretonf' 
V1e1hanf' 

>--c74-•75% \!ornne 

-.=S-c,7'1(1 CarbonDmxide 

<=5'1, OMS 
>=l- <259', Ace1ophenone 

f5-<= Tl% ~-Ethyl hf'Y<mol 

-=l',% \!onem, 

>--0 , - 25 % CJ.rbonD1oxide 

<::c--0.1% OMS 

Acetone 
EthJne 

Arkema Inc. - Crosby 
frailer No. 1 Emissions 

August J 1, 2017 

[2] 

12% 

22;.t 

0'1) 
23% 
6~ 

29% 

10% 

13% 

18% 

23J'o 

25J'o 

28% 

Y% 

13% 

Product 
Unburned" 

Tota! [51 

lbs 

551 

1,103 

1.571 

1.'>44 

441 

[1] Decomp:,■ition ("Dornmp") produ:t■ provid.-d by Ark.-u m tho fll• "Cro■b;r Jny 092817 Tnilu■ St!j: Bldg.xi•"· OMS" 1b.rd1 for 

Spedated 
Emissions to 

Air 

lbs 

205.62 

119.73 
0.00 

124.14 
34.29 

J23.90 

106.29 

148.22 

77437 

l9.'i60 
q(H 

368.32 

121.67 

168.51 

391.10 
460.04 

28294 

39156 

121.59 

56.09 

109.77 

/4.01 
3Rn 

[2]C1lcui..t"d b,.ecd on 1000 pound~ ofLup 180H75 product decompo:11ed, pro7idcd by ,\rkcru1 in thl'file "in thefilo "Cro:11br !nY 002017 Tn.il,n Stg Bldgx:1•"· 

93% 

Product 
Elurned" 
~peciatcd 

lbs 

2,731.81 

89629 

1,J90.'73 
000 

1,6-4.9.32 
455.60 

4,304.26 

1,412.20 

1,969.25 

3,645.~6 

2,.598.oS 
/1/8.', 

4,893.34 

1,616.4G 

2,238.76 

5,1%.08 
6,111.95 

11,.'>4':>"J:--: 

3/159.0S 

5,202.22 

16286Q 

74515 

1458.36 

98332 
',0911 

H.-iatingValut: 

16] 

btu !b 

19,000 

18,000 

15,000 
ll,281 
:..1509 

19,000 

18,800 

lEi,000 

l7,7.8l 
} l .~09 

19,000 

18,800 

15,000 
14,25·; 

2l/,tl9 

15,000 

15,000 

1~,000 

18,8tl0 

15,000 

L',281 
:W416 

Hcatlaput 

MMbtu 

51.90 

16.05 

0.00 
0.00 

20.25 
9.80 

26.55 

0.00 

.~4.08 

:,1.91 
1':>44 

30.39 

0.00 

77.94 
8/.14 

vs~ 
1nrn 

56.39 

0.00 

:3095 

0.00 

21.88 

12.08 
10.40 

930.07 

Spt:ciatcrlVOC 
Emis5ionstoi\ir 

lbs 

205.62 

67.46 

0.00 

323.93 

106.29 

r:4.37 

368.32 

121.67 

391.10 
460.04 

28:L94 

109.77 

3,743.37 

[3 J Por TCEJjpub/ic■ tior. RG 360A/11, Rovi~l'd frbruary 2012, TEl1lHJCAL SUPPLEMENT 4-: FL.ARE.s; bued on EPA te~t d•t•, for combu■tion:. tt..t do nor 11ti11'y 40 CFH 60.18, • 93 percent do■truction el'ictency (DRE) i■ u■urr.cd 

['4.] Product colll.po■ition proYided b:, .\rk:em,1 vi• email. on 9/5/2017 in th!' fll" "Crol'll:Jriff,,"ntory082917 Tuler■ St!j: Bldg.x!ll.'.". 
[5] !.:::cord in~ to ArJ.::erm., 5',i, u Lup 180M75 "'•• llmitted u Y■por prior to combl.l'ltion. Th" rern■inin!j: pro dud dec,ompo■ed except diluent (e.g., OMS) ■nd blrned 1vith l'I QJSt DRE [ie., 7% of decomposition produas and diluent emitted lo atrno3phere and 
lhll !~lll•ndll! lOIIVlll ted to cornbu:■lion p1.odult■l-

[6] y,.,,.. Jl,1JJdboukofThtrrnudyn,1rnil u1d Phy1iic•l Propllr lil'W ofCl,eail·,1\Cumpouud~/Entil.tlp:,, orcombttstiun 
[l]TCEQ pubiilutionRG-!MOA/11. Hten,;~djunuary 101'!. T.f.CHXJC.'4.LSU!'PLEJrf.f.1'.'T,/: Fu!.!l:f:S To1.bl~A-i. uir 1,)/ IT!O.~Sl~Uli_fturc', loNBlU 
[8] Ew111d on AP~,: T •blt"13.5-1, he11.vil)! l'lr ■.o\Jlll n._rta■ :.:74 11111:/L iu m1•1•t, tAkul..tted fiom umcllI1lr1.lio11 L111111i;: f-f.tclor lllt"lhod 011 •d1yb1.1i11, 1111,.1.rnin:: 3~1 0 7 in exb11.u11I c;as str~clrn (Ernis5fo1: fal:urnti,m P:ut,1wlfm Pel/(lbmi Rtfirwr-ie., RTI [ute111l1ional, 

May .Wl l, T;iM~6-4J 

Am~ma Inc. -Cm~c1y 
TrinityConsu:ta1'\ts 
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Summary of Emissions from Trailer Com onents Combustion 

Emission Source 

Combustion Emissions 

Trailers 
W1eio-ht of Trailer f J l 
Durned f2 I 
We11!ht of Trailer Burned 
Pallets 

Weight of Each Pallet [3] 

-ti- of Pallets in a Trailer [4] 

Burned 

Weight of Pallets Durned 
Containers 
Wei1J"htof a 5 Gal Container! 51 
Weight of a 5 Gal Container 

Trailer Capacity 
Numb0r of 5 Gal Containers lmoact0d 151 

Burned 

Weight of Container-sin a Trailer 
Refriaeration Unit 
W1eightof Refrnrerat10n Uml f6l 
Burned 

Weight of Refrigeration Unit Burned 

Total Weight of Solid Combustibles Per Trailer 

Refrigerant 

Wfcightof RPfrigf-'r;:mt 16] 

Compositions [71 

1,1, 1 Trifluonwthdne [7] 

Pentafluoroethane [7] 

1,1,1.2-Tetrafluoroethane [7] 

Emissions as Hydrofluoric Acid (HF) 

Batt.el)' 

Weight of B;mery [8] 

Compositions (9] 

Le;:id 

Su\luric Gc1d 

Pmlssions from Battery Burned 

Pollutant 

PM 

Lead 

so, 

I 

I 
I 

voe 
261.76 

7,750 

44.5 

48 

2,136 

1,153 
2.54 

3,500 
2,160 
lO!JU/2, 

5,486 

SO% 

988 

8.18 

16 

CAS# 

420-46-2 

354-.-3.-3-6 

811-97-2 

7664--39- ~ 

50 

CAS# 

7430-92-1 

766,~·93-9 

F.missi.on Factor 
[10] 

lb of pollutant/ton 
of metal nroduced 

307 

10.\ 

NOx, CO, and PM Emissions from Trailer Comnonents Combustion 

Pollutants 

voe 

PM 

Notes: 

Emission Factors 
[12] 

lb/ton 
32 

125 
100 

Arkema Inc. ~ Crosby 
Trailer No. 1 Emissions 

August 31, 2017 

Emissions lb event 
co 

1 022.49 

lommds 
I 
lnounds 

pounds 

pounds 

ommds 

It' 

pounds 

Jmmds 

pounds 

tons 

po11nrls 

M.Wt. 

lb/lb-rnol 

poundc; 

84.04 

120.02 

102,03 

20.01 

M.Wt. 

lb/lb-mol 

207.2 

98.08 

Emissions from 
I.earl Burned 

lbs 

5.37 

1.82 

Emissions From 
Trailer Burning 

lbs 
124.00 
15,50 

484.38 
387.50 

NOx PM 

32.72 

Wt% 

Wt% 

Emissions trom 
Sulfuric Acid 
n .. -- '111 

lbs 

9 79 

Emissions From 
Pallets Burning 

lbs 
34.10 
4,27 

133 .. 50 
106.80 

818.00 

Emissions 

lbs 

8 32 

7,04 

0,64 

3.28 

Weight 

lbs 

33 

15 

Emissions f'rom 
Containers Burning 

lbs 
07.70 
10.9/ 
H2.90 
274.32 

818.00 

Emissions From 
Refrigeration Unit 

Burninv 
lbs 

13.00 
1.98 

61.72 
49.38 

[1] Per information prnvided by Arkema, the trailer is a 53' refrigerated trailer, based on vendor inforn1ation, typical weight of refrigerated trailer is 15,500 lb. 
[:.!] Based on phone communication between Arkema and Trinity Consultants on September 6, 2017, 50t¼, of'IA!etghtof trailerestimated to be combusted. 
l3] Ar.cording to dim1:nsions oft-railerprovirlf!d by Arkf!ma, typir.al rmllf!t usec'l in this t.ype of trailer ir, 40''x 4fl" ~nrJ wP.ightir,; 44.5 lb. 
l4] Provided by Arkema basod on troilur inventory and products Information. 

PMz.s 
818,00 

Total F.mlssions 
From Solids 

Burnin • 
lbs 

261.76 
32.72 

1,022.49 
818.00 

[.~] Provided by Arkem;:i hasf:lr:l on trailer inventory ;:inc'! prorlur:ts inforrmtion, typir;:il 3:i lhs prmiucts pP.rcxmtainer. Typical empty c::ont.:i.inf!rweight b;:is@d on vP.mior informat.ion. 
l"6J Weight of refrigeration unit and refrigerant based on vendor informc:ition for typical unit 
[7] Per R-404A Refrigerant safety data sheet (SDS) 
[B] Per KLLM Trailer Spedfications 
l9] Pl:lr LC!ad -.:c1cid Ba.ttary SOS normalizod to total wmght ofb.:c1ttm-y for conservatism. 
[10] The battery in engine of traile1-burned in the fire and is represented as second lead processing in blast furnaces. Pmticulate and lead emission factors are selected based on AP-42 
Chnptcr 12.11.2, Tr.;blc :l.2, 11-2, Emission Factors for Sccondnry Lend Processing. 
lll] Sulfur dioxide (S0 2) emissions estimated assuming all sulfur from sulfuric acid converted to S0 2 . 

[12] Emission factors fromAP-42 Chapter 2.5, Table 2.5-1 "Ermssion Factors for Open Burning of Municipal Refuse," factors for Automobile Components 

Arkema Inc.~ Crosby 
Trinity ConsL1ltants Page 4of7 
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(b) (3) (A), (b) (4)

Products in Trailer No. 1 

PrnductName Composition Lil 

Lup 1 0 Neodecaneperoxolc acid, l ,1-dimethylethyl es:ter 

Lup 1 0M75 

llyd.roperoxide. 1.1-d imethylethyl 

Neodccaneperoxoic acid, :l ,1-dimethylcthyl ester 

Naphtha (petroleum), hydrotreated heavy 

Naphtha (petroleum), heavy alkylate 

Hydropt~roxide, l,1-d1nwthyl,-:thyl 

Arkema Inc. - Crosby 

Trailer No. 1 Emissions 
August 31, 2017 

CAS# 

26748-41-4 

7$-91-2 

26748-41-4 

64742-48-9 

64741-65-7 

75-91-2 

wt% 
[1] 

>= 74- <=76½ 

<26% 

Lup 11M4S Propaneoperoxoic arid, 2.2-dimethyl-, 1.1-dimethlethyl ester 927-07-1 >=44- <46'Y,, 

N<1p}1tha (petrr-1]P11rn), hyrlrntTe8tHl hP:wy 

Naphtha (petroleum), heavy alkylate 

64742-48-9 

64741-65-7 

Lup 11M75 Propancoperoxoic acid, 2,2-dimcthyl-, 1,1 dimcthlcthyl ester 927-07-1 >=74- <76'½ 

Naphtha (petroleum), hydrotreated heavy 

Naphtl1.:i (pPtroleum), heavy .:i1kyl8te 

Lup 188M7S Nedodecaneperoxoic acid, l-methyl-1-phenylethyl ester 

Re11,rer1emetl1nrml, .nlphn., nlvlrn.-dimethyl-

Benzene, (1-methylethyl)-

Etlrnncne, :l -pln~nyl-

Naphtha (petroleum), hydrotreated hcm,y 

Naphtha (petroleum), heavy alkylate 

Lup 221 Peroxydicarbonic acid, dipropyl ester 

Lup 223M75S Peroxydicarbonic aCJd, bis(2-ethylhexyl) ester 

Naphtha (petroleum), hydrotreated heavy 

Naphtha (petroleum), heavy alkylate 

Proprietary component 

L:1p 221S PPrnxydirnrhonk a1·id, his(2-ethyHwxyl) p,;:ter 

Propriern1y component 

Lup 223V75 l'croxydicnrbonic nCJd, bis(L-cthylhcxylJ ester 

Propriern1y component 

Lup 225~60 Peroxydicarbonic acid, bis(l-methylpropyl) ester 

Naphtha (petroleum), hydrotreated heavy 

Naphtha (petroleum), heavy alkylate 

Lill) 546M75 Necdecar1epewxoic ;-JCid, 1,1-dimethylpwpyl e'iter 

Naphtha (petroleum), hydrotreated heavy 

Naphtha (petroleum), heavy alkylate 

Hyd.roperoxide, 1.1-dimethylpropyl 

Arkema Inc. - Crosby 
Trinity Con,;ultants 

Confidential Business Information 

G4742-46-9 

64741-65-7 <26½ 

26748-47-0 

617-94-7 

98-82-8 >=5-<=7% 

98-86-2 

64742-48-9 

64741-65-7 >=l-<2S% 

16066-38-9 

16L 11-62-9 

G4742-4fJ-9 

64741-65-7 

NJTSNi; 03365400 <0.2% 

1 h1 :11-62-9 >:::: 97 - <:::: 100 O_fc 

N]TSNH 03365400 <0.3°/0 

16111-62-9 75% 

N]TSNH 03365400 25% 

19910-65-7 

64741-65-7 

68299-16-1 >= 74 - <= 75 %1 

G4742-4fJ-9 >= 0 - <= 2S o/., 

64741-65-7 

3425··61-4 

Total(lbs) 
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(b) (3) (A), (b) (4)

Estimate Pounds of Material Lost in Fire 
DesLnu.:tion Erlkiency {4] 93% 

Products in 
Trailers 

Lt1p 54LM75 

Total 

Notes 
[1] 
[lj 
[3] 

Quanlity[1J 
% Fast Dccornp -

lo Vapor 
[3] 

5% 

Arkema Inc. - Crosby 

Trailer No. 1 Emissions 
August 31, 2017 

% Decomµ to Fire - % Dccomp to Fire %Burned from 
Original Product 

[SJ 
Unburned 

[4] 

7% 

6.65% 

7% 

70/r· 

7% 

7% 

Burned 
[4] 

93% 

88.35% 

93'-h 

93% 

0% 

Qlfc, 

QCfc, 

0% 

lbDecomplo 
Vapor 

lbs 

U81.2S 

1,181.25 

lbDecmnptu 
fire, Unburned 

lbs 

5S1 

1,l 02.50 

1,S71.06 

J,543.5(1 

441.00 
5,209.31 

lb Decomp lo Fire, 
Burned 

lbs 

7,32:l 75 

14,647.50 

20,872.69 

20,506.50 

5,859,00 

69,209.44 

141 Per TCEQ publication RG-360A/11, Revised February 2012, TECIINI1.,"'Al SUPPLEMENT 4: FLARES, based on EPA test data, for combustions that do not satisfy40 CFR 60,18, a 93 

Arkema Inc. - Crosby 
Trinity Con,;ultants 

Therefore. for df;composed product Lup 188M75 remaining .sftcrvopor release. 70/c, unburned., :1nd 9'.:l% of decomposed part is burned 
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Input 

Parameter Value 

Diesel Oil Burned [1] 25 

Arkema Inc. - Crosby 
Trailer No. 1 Emissions 

August 31, 2017 

Units 

gal/event 
1 Volmne cmnbusted based on ernail fron1Arkema, September 7, 2017, 

Emission Factors and Emissions of Criteria Pollutants 
Emission Factor 

[1] [2] Emissions 
(lb/event) (short tons/event) 

Pollutant (lb/M2al) 
co 5 0.13 6.3E-05 

NOx 24 0.60 3.0E-04 

PM 3.3 0.08 4.lE-05 

PM10 3.3 0.08 4.lE-05 

PM2 s 3.3 0.08 4.lE-05 

S02 71 1.78 8.9E-04 

voe 0.2 0.01 2.5E-06 

Note: 

[1] U.S. EPAAP-42, Section 1.3 - Fuel Oil Combustion, May 2010, Tables 1.3-1 and 1.3-2 - No. 2 oil fired (1-01-005-01), (1-02-005-01), (1-03-005-01) for CO, 
N010 PM, PM 10, PM,,, and SO,. 

[2] U.S. EPAAP-42, Section 1.3 - Fuel Oil Combustion, May 2010, Table 1.3-3 - Industrial boilers, Distillate oil fired (1-02-005-01/02/03] for VOC. 

Arkema Inc. - Crosby 
Trinity Consultants 
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Emissions Summary 

Emission Source co 
Products in Trailer No 2 and 3 Consumed ln Fire 479.95 

Trailer Consumed in Fire 968.75 

Psi lets Consumed in Fin.: 122.38 

Containers Consumed in Fire 314.33 
Refngerntion Unit in Fire 123.44 
Refrigernnl Consurnt>cl in Fire 

Battery Consumed in Fire 

Diesel Fuel Combusted in Fin: 0 25 

Total Emissions 2,009.09 

Summary of Speciated Emissions 

Arkema Inc. - Crosby 
Trailer Nos. 2 and 3 Emissions 

September 1, 2017 

Emissions flb/eventl 
NOx PM PM1,) PM~.'> 

55.98 165.92 165.92 165.92 

31.00 775.0U 775.0U 775.00 

3.92 97.90 97.90 97.90 

10.06 251.46 251.46 251.46 

3.95 98.75 98.75 98.75 

10.75 10.75 10.75 

l 20 0,17 0,17 0,17 

106.10 1,399.94 1,399.94 1,399.94 

Compound CAS# 
Contaminant Total 

Nonanc 111-84-2 

Nonene 124-11-8 

OMS 68551-17-7 

Acetophenone 98-86-2 

2-Ethyl hexanol 104-76-7 

2-Ethvl hexanal 123-05-7 

Acetone 67-64-1 

Ethane 74-84-0 

Hydrofl11odr Arid 7664-19-3 

Lead 7439-92-1 

co 630-08-0 

10102-44-0 

PM 
PM10 

7446-09-5 

Unclassified voe [1] 

Note: 

[1] l nclassified VOC inch1des VOC emissions from combustion products. 

Arkema Inc. - Crosby 
Trinity Consultants 

Confidential Business Information 

Code 
lb/event 

56703 1,424.49 
SC704 1,226.90 
59275 527.99 
.19861 24<}.37 

51521 89.87 
51601 89.87 
. .14020 430.36 
S6SSO 223.75 
11162 6.56 

14319 3.64 
90300 2,009.09 
70402 106.10 

10000 1,399.94 
20000 1,399.94 
39999 1,399.94 
70.110 23.B 

.100001 391.41 

S02 voe HF Lead 

3,977.20 

218.00 

31.33 

80.47 

3160 
6.56 

19,58 3 64 

3,55 0,01 

23.13 4,368.61 6.56 3.64 
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Ark~"'~ Inc.· Cro~by 
Trlnlt} Consul,~nh 

4/'l'lS 

4799S 

Emi<<ions(Jb/eve11t] 

<O, PMir 

lfo'l.l 

16S.9l 

Ar-k.ema Im;;. - Crmby 
Trailer Nos. 2andlEmlsslons 

~eptember 1, 201"/ 

PM,, 

Decompt□ Decompto SJ>edatcdVCC 
Decamp Composition Vaporwt:% V2por,Unburned Vapor,l-11burned Emissio11sto 

[1] [2] -l"ofal -Si1eriJff'd Air 
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(b) (3) (A), (b) (4)

2. F.m;,,;,msjroM fjprnmpn.,itfon P'Ylduf"ls - Blrr,,pr/ 

\iOCEmissions 

Origirui.1Ccmpc~itino ,,1 

Ark<>rl'~ Inc. · Cro~by 
Trlnlt} Consul,~nh 

Rm··,rn~ 
lbs1cve11t 

5598 

Confidential Business Information 

Ar-k.ema Im;;. - Crmby 
Trailer Nos. 2andlEmlsslons 

~eptember 1, 201"/ 

He:itin;:V.1hm ,,1 Healloput 
!>pe,·iatedVOC 

l'nt"ss·co~to ;1,"r 

3,H4.35 
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Arkema Inc. ~ Crosby 
Trailer Nos. 2 and 3 Emissions 

September 1 .. 2017 

Summary of Emissions from Trailer No. 2 and No.3 Com onents Combustion 

Emission Source 

Combustion Emissions 

Trailers 
W1eio-ht of a Trctiler r L 1 
Numbei· of Trn1lers Dumed 
Burned [21 

Wei 0 bt of Trader Burned 
Pallets 

Weight of Each Pallet [3] 

# of Pallets in a Trailer 14 i 
Burned 

Weight of Pallets Burned 
Containers 
Weight of a 5 Gal Container 151 
W1ewht of a 5 Gal Con tamer 
Trailer Cctpacity 
Numhf'r of 5 Gal Conlain(:'n; Im Jactf'rl l;i I 

Burned 

W1eight of Containers ma Trailer 
Re{ri_aemtion Unit 
Weizhtof a Refrizecation Unit f(,l 

Weight of Rf'friger;,bon Unit R11rned 

Total Weight of Solid Combustibles Per TraHel' 

Refrigerant 

Weight of Refrigim:mt : 6 I 

Compositions (7] 

1,1,1-Trifluornethanc [7] 

Pentafluornethane r1] 

1,1,1,2-Tetrafluoroethane [7] 

Emissions as Hydl'ogcn Fluol'idc 

Batte1y 

WeightofBattery [8] 

Compositions [9] 

Lead 

Sulfuric acid 

Emissions from Battery Burned 

Pollutant 

PM 
Lead 

so, 

I 

I 
I 

I 

voe 
391.40 

15,.500 

15,500 

44.5 

22 

1,958 

1153 
2 .. 54 

J,500 

1,980 

.5,029 

1.975 
jQO,{ 

l,97.5 

12.2:l 

16 

CAS# 

,120-16-2 

3:34-33-(, 

811-97-2 

so 

CAS if: 

7430-92-1 

7664-91-9 

Emission Factor 
[10] 

lb of' pollutant/ton 
of metal uroduced 

307 

104 

NOx, CO, and PM Emissions from Trailer Comnonents Combustion 

Pollutant'> 

NOx 
co 
PM 

Not0s: 

Emission Facto l's 
1121 

lb/ton 
l2 

125 

100 

co 
1528.89 

lommds 
I 
I 
IDrnmds 

pounds 

pounds 

Jmmds 

pounds 

ounds 

poundc; 

tons 

pounds/trailer 

M.Wt. 

lb/lh-mol 

8,tQ4 

120.02 

102.03 

20.01 

pounds /trailer 

M.Wt. 

lb/lb-mol 

207.2 

98.0e 

Emissions from 
Lead Burned 

lbs 

10.75 

3.64 

Emissions From 
Trailer Burning 

lbs 
24fUlO 
3:l.00 

96!175 
775.00 

Emissions lb event 
NOx PM 

48.92 

Wt% 

Wt% 

Emissions l'Om 
Sulful'k Acid 
n ...... ,. '111 

lbs 

19.58 

Emissions From 
Pallets Burning 

lbs 
:=i1.:=n 
3,92 

122.38 
97.90 

1.223,11 

Emissions 

lbs 

16,64 

14.08 

128 

6.56 

Weight 

lbs 

70 

30 

1223.11 

Emissions From 
Emissions From 

Containers Burning Refrti::::: Unit 

lbs lbs 
80.47 31.60 
10.06 3.95 

314.33 
251.46 98.75 

ll] Perinformalion provided by Arkem~, the tn1ilf'r is a .1:,· refrig1:rated t,r,1i\er, hasf'd on Vf.!ncfor information, Lypic,11 we1ghr of refri1;wratai tr~ilf!r is 15,500 lb. 
[21 Based on phone communication between Arkema and Trinity Consultants on September 6, 2017, 50% ofweightoftrailerestimated to be combusted. 
[3] According to dimensions of trailer provlded by Arkema, typical pallet used in this type of trailer is 40''x 48" and weight is 44.5 lb. 
[ 4] Provided by Arkema based on trailer inventory and products information. 

PMz.s 
1,2:23.11 

Total Emissions 
From Solids 

Burnhw 
lbs 

391.40 
48.92 

1,528.89 
1,223.11 

[51 Provided by Arkema based on trailer inventory and products information, typical 35 lbs products per container. Typical empty container weight based on vendor mfonnation. 
[6] Weight of refrigeration unit and refrigerant basa:l on vendor infonnatlon fol"typical unit 
l7] Pl:lr R•40'1A R8h-igl:lr.::mt sakty data shc,ot (SDS) 
[Bl P@r KLLM Traili=ir Sperifirntlrms 
[91 Per Lead-acid Battery SOS normalized to total weight of battery for conservatism 
[10] The bil.ttery in engin@ oftrailerhurnerl in the fire and is represf!ntf!d as sec.ond l1::1i:id pror.essing in bfa::.t fum.:ires. Partir.ulate i:inrl l@ad emission Fi:ir.tors are selected b.:i.sed on AP-42 
Chapter 12.11.2, Table 12,11-2, Emission Factors for Secondary Lead Processing. 
[lll Sulfur dioxide (SO;) emissions estimated assuming all sulfur from sulfuric acid converted to S0 2• 

[12] Emission factors fromAP-4·2 Chapter 2.5, Table 2.5-1 "Emissiou Fae.tors forOµeu Burning uf Municipal Refuse," factors for AutomobilC:! Components 
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(b) (3) (A), (b) (4)

ProduLts in Trailer No. 2 and No.3 

Product Name 

Lup10 

Lup 10M75 

Composition [ 1 I 

Neodecaneperoxoic acid, 1,1-dimethylethyt ester 

Hydroperoxide, 1, 1-dimethylethyl 

Ncodccancpcroxoic acid, 1,1-dimcthylcthyl ester 

Naphtha (petroleum), hydrotreated heavy 

Naphtha (petroleum), heavy alkylate 

Hydroperoxide, 1,1-dimethylethyl 

Arkema Inc. - Crosby 
Trailer Nos. 2 and 3 Emissions 

September 1, 2017 

CAS# 
wtt}U 
[1] 

26748-41-4 >=95% 

75-91-2 <1% 

26748-41-4 >= 74- <=76% 

64742-48-9 <26% 

64741-65-7 <26% 

75-91-2 <0.2% 

Luplll-145 Propancoperoxoic acid, 2,2-dimethyl-, 1,1- dimcthlcthyl ester 927-07-1 >=44- <469-0 

Naphtha (petroleum], hydrotrealcd heavy 

Naphtha [petroleum], heavy alkylate 

64742-48-·9 

64741-65-7 

<56% 

<56% 

Lup11M75 Propaneoperoxoic atid, 2,2-dimethyl-, 1,1 dimethlethyl ester 927 -07-1 >=71•- <76% 

Naphtha (petroleum], hydrotreated heavy 

Naphtha [petroleum], heavy alkylate 

Lup 188M75 Nedodecaneperoxoic acid, 1-methyl-1-phenylethyl ester 

Benzenemethanol, .alpha .•. alpha.-dimethyl-

Benzene, (1-melhylethyl)-

Etha.none, 1-phenyl-

Naphtha (petroleum], hydrotreated heavy 

Naphtha (petroleum], heavy all<ylatc 

Lup 221 Peroxydicarbonic acid, dipropyl ester 

Lup 223M75S Peroxydicarbonic acid, bis(2-ethylhe>.yl] ester 

Naphtha [petroleum), hydrotreated heavy 

Naphtha [petroleum], heavy all<ylate 

Proprietaiy component 

Lup 223S Pcroxydicarbonic acid, bis[2-ethylhcxyl) ester 

Proprietmy component 

Lup 223V75 Peroxydicarbonic acid. bis(2-ethylhexyl] ester 

Proprietary component 

Lup 225M60 Peroxydicarbonic acid, bis.(1-methylpropyl) ester 

Naphtha [petroleum], hydrotreated heavy 

Naphtha [peh-olemn), heavy alkylate 

Lup 516M7 5 Neodecaneperoxoic acid, 1,1- dimethylpropyl ester 

Naphtha [petroleum), hydrotreated heavy 

Naphtha (pch-olcum], heavy alkylate 

Hydroperoxide, 1,1-dhnethylpropyl 

Arkema Inc. - Crosby 
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64712-48-9 <26% 

64741-65-7 <26% 

26748-4-7-0 >::::74- <75% 

617-91-7 >=5- <=11% 

98-82-8 

98-86-2 

64742-48-9 

64741-65-7 >=1- <25% 

16066-38-9 

16111-62-9 >::::75-<:::77% 

64742-48-9 <25% 

61711--65-7 <25% 

NJTSN# 03365400 <0.2% 

16111-62-9 >=97-<=100% 

NJ'J'SN# 0:B65400 <03% 

16111-62-9 75% 

NJTSN# 03'65400 25% 

19910-65-7 >:::: 59-<::: 61 % 

64742-48-9 <41% 

64741-6S-7 <41% 

68299 16-1 >= 71· <= 75 ryo 

64712-48-9 >:::: 0 - <::: 25 % 

64741-65-7 >:c:: 0 - <::: 25 % 

3425-61-1 <:c:: 0.1 % 

Total 

Quantity in 
Trailers 

2 
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(b) (3) (A), (b) (4)

Estimate Pounds of Material Lost in Fire 
Destruction Efficienc 4 93% 

% Fast Decomp -
Products in Quantity [ 1 J to Vapor 

Trailers [3] 

10 5% 

10M75 

111.145 

11M75 

188M75 5% 

221 

223M75S 

223S 

223V75 

225M60 

546M75 

Notes: 

Arkema Inc. - Crosby 
Trailer Nos. 2 and 3 Emissions 

September 1, 2017 

% Decomp to Fire % Decomp to Fire % Burned from 
Unburned Burned Original Product 

f4] 14] 15] 

6.65% 88.35% 0% 

7% 93% 0% 

701(, 93% 0% 

7% 93% 0% 

6.65% 88.35% 0% 

7% g3% 0% 

79k, 93'~/o 0% 

79rb 93% 0% 

7% 93% 0% 

7% 93% 0% 

79k, 939/o 0% 

lhDecump to 
Vapor 

lbs 

393.75 

630.00 

1.023.75 

[ l] Product composition provided by Arkema via email on 9/5/2017 in the file "Crosby Inventory 082817 Trailers Stg Bldg.xlsx". 
[2] Prm1ded by Arkema via email on 9/8/2017 in the me "Crosby Inv 082817 Trailers StgBldg.xlsx". 

lb Decomp to 
lbDecompto 

Fire, 
Unburned 

Fire1 Burned 

lhs lhs 

524 6,957.56 

2,094.75 27,830.25 

837.90 11,132.10 

882.00 11,718.00 

44-1.00 5,859.00 

4,779.34 63,496.91 

[31 According to Arkema. 5% as Lup 10 and LUP 188M75 was emitted as vapor prior to combustion. The remaining product decomposed except diluent (e.g., OMS) and 
burned with a 93% DRE (i.e., 7% of decomposition products and diluent emitted to atmosphere and the remainder converted to combustion products). 
[+] Per TCb"CJ publication RG-360A/11, Revised Februa,y 2012, "/'b"CHNICAL SUWLHMENT 4: fl,AHhS, based on EPA test data, for combustions that do not satisfy 40 CFI\ 
60.18, a 93 percent destruction efficiency is assumed. Therefore, for decomposed product Lup 188M75 remaining after vapor release, 7% unburned, and 93% of 
decomposed part is burned. 
[5] Value excludes diluent [e.g., naphtha). 
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Input 

Parameter 

Diesel Oil Burned [1] 

Arkema Inc. - Crosby 
Trailer Nos. 2 and 3 Emissions 

September 1, 2017 

Value Units 

50 gal/event 

[1] Total volume combusted (25 gallons from each trailer) based on email from Arkema, September 7, 2017. 

Emission Factors and Emissions of Criteria Pollutants 
Emission Factor 

[1] [2] Emissions 
(lb/event) (short tons/event) 

Pollutant (lb/Mgal) 

co 5 0.25 1.3E-04 

NDx 24 1.20 6.0E-04 

PM 3.3 0.17 8.3E-05 

PM10 3.3 0.17 8.3E-05 

PM2s 3.3 0.17 8.3E-05 

S02 71 3.55 l.BE-03 

voe 0.2 0.01 5.0E-06 

Notes: 

(1) l!.S. EPA AP-42, Section 13 - Fuel Oil Combustion, May 2010, Tables Ll-1 and 1.3-2 - No. 2 oil fired (1-01-005-01), (1-02-005-01), (1-03-005-01) for CO, 
NDx, PM, PM 10, PM2 .,, and SO 2• 

[2] U.S. EPAAP-42, Section 1.3 - Fuel Oil Combustion, May 2010, Table 1.3-3 - Industrial boilers, Distillate oil fired (1-02-005-01/02/03] for VOC. 
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Arkema Inc. - Crosby 
Trailer No. 4-9 Products Decomposition Emissions 

September 2, 2017 

Trailer No. 4-9 Products Decomposition Emissions Summary 

Emission Source 
Products in Trailer No. 4 - 9 Decomposed to Air 

Total Emissions 

Summary of Speciated Emissions 

Compound 

!so butane 

!so butene 

OMS 

Acetone 

Arkema Inc. - Crosby 

Trinity Consultants 
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CAS# 

75-28-5 

115-11-7 

68551-17-7 

67-64-1 

voe 
Emissions 
(lb/event) 

1,329.46 

1,329.46 

Contaminant 
Code 

56703 

56704 

59275 

54020 

Total 

lb/event 
376.93 
121.29 
831.24 

502.17 
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Arkema Inc. - Crosby 
Trailer No. 4-9 Products Decomposition Emissions 

September 2, 2017 

SummarvofEmissions from Trailer No. 4-9 Products Decomnosition [11 

Emission Source 
Emissions (lb/event) 

VO( I co I NOx I PM I 
JJecomnosition to Vaoor- Unburned 1,329.46 I -- I -- I -- I 

Total 1329.46 I 0.00 I 0.00 I 0.00 I 

1. Emissions from Decomnositfon to Var o,·- Unbu,-ned 

PM10 
--

0.00 

Decompto 
Decomp to Speciated voe 

Vapor, 
Decomp Composition Vaporv.rt% Vapor, Unburned Emissions to 

Product Unburned -
[2] [3] 

Total 
- Speciated Air 

lbs lbs ll,s 
Lup 11M45 bobutcine 12.46% 123.50 123.S0 

Isobutene 4.01% 39.74 39.74 
Carbon Dloxkie 12.57% 

991.50 
124.68 

OMS 50% 494 493.60 
Acetone 16.59% 164.53 
Methane 4.58% 45.45 
Isobutane 18.64% 253.43 253.13 
Isobutene 6.00% 81.55 81.55 

Lup 11M75 
Carbon Dioxide 18.82% 

1,359.:l<J 
255.86 

OMS 24.84% 337.61 337.64 
Acetone 24.84% 337.61 
Methane 6.86% 93-2'7 

Total VOC from Vapor (Unhun1ed) to Afr 1,329.46 

Notes 

I PMv; 

I --
I 0.00 

[1] Based on information provided by Arkema, from Trailers 4-6, two trailers (5 and 8) haddecompo~ition of products released to atmosphere on September 2, 2017 prior to the 
controlled combustion on September 3, 2017. The quantity decomposed is estimated to he 5% of the weight ofLup 11M45 and l 1M75 which are used to represent the 
decomposition products to the vapor phase ciTJd emission5 from the trailer5 to atmosphere on September 2, 2017. Fmission<; cissociated. with the remaining product are 
represented in a separate emission event for the controlled combustion on September 3, 2017. 

[2] Decomposition ["Dccomp"J products provided by Arkema in the file "Crosby Inv 082817 Trailers Stg Bldg.xlsx". "OMS" stands for Organic Mineral Spirits. 
l3J Calculated. based on Lup 11M75 and l 1M45 product decomposed, provided by Arkema in the file "in the me "Crosby Inv 082817 Trailers Stg Bldg.xlsx". 
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(b) (3) (A), (b) (4)

Arkema Inc. - Crosby 
Trailer No. 4-9 Products Decomposition Emissions 

September 2, 2017 

Products in Trailer No. 4-9 

Product Name 

Lup 10 

Lup 10M75 

Composition [1 I 

Neodecaneperoxoic acid, 1,1-dimethylethyl ester 

Hydro peroxide, 1, 1- climethy !ethyl 

Neodecaneperoxoic acid, 1,1-dimethylethyl ester 

Naphtha [petroleum), hydrotreated heavy 

Naphtha [petroleum), heavy alkylate 

Hydroperoxide, 1, 1-dimethylethyl 

CAS# 

26718-41-4 

75-91,2 

26748-41-4 

6'1742-48-9 

6'1741-65-7 

75-91-2 

<26% 

<26% 

<0.2% 

,vt% 
[1] 

Lup 11M45 Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester 927-07-1 >=44- <46% 

Naphtha [petroleum), hydrotreated heavy 

Naphtha [petroleum), heavy alkylate 

64742-48-9 

64741-65-7 

<56% 

<56% 

Lup 1lM75 Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlel by! ester 927-07-1 >=74- <-76% 

Lup 188M75 

Naphtha [petroleum), hyclrotreatecl heavy 

Naphtha [petroleum), heavy alkylate 

N edodecaneperoxoic acid, l-methyl-1-phenylethyl ester 

llenzenemetbanol, .alpha.,.alpha.-dimethyl-

Benzene, [1-methylethyl)-

Ethanone, 1-phenyl-

Naphtha [petroleum), hydrotreated heavy 

Naphtha [petroleum), heavy alkylate 

Lup 221 Peroxydicarhonlc acid, dipropyl ester 

Lup 223M75S Peroxydicarhonic acid, bis(2-ethylhexyl) ester 

Naphtha [petroleum), hyclrotreatecl heavy 

Naphtha [petroleum), heavy alkylate 

Proprietary component 

Lup 223S 

Lup 223V75 

Lup 225M60 

Lup 546M75 

Peroxydicarhonic acid, bis(2-ethylhexyl) ester 

Proprietary component 

Peroxydicarhonic acid, bis(2-ethylhexyl) ester 

Proprietary component 

Peroxydicarbonic add, bis(1-methylpropyl) ester 

Naphtha [petroleum), hydrotreated heavy 

Naphtha (petroleum), heavy alkylate 

Neodecaneperoxoic acid, 1,1- dimethylpropyl ester 

Naphtha [petroleum), hydrutreated heavy 

Naphtha [petroleum), heavy alkylate 

Hydroperoxide, 1, 1 · climethylpropyl 

Arkema Inc. - Crosby 
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647-12-48-9 <26% 

64741-65-7 <26% 

267-18-47-0 >=74- <75% 

617-94-7 >=5- <=11% 

98-82-8 

98-86-2 

647 42-48-9 >= l - <25% 

647-11-65-7 

16066-38-9 >= 99 % 

16111-62-9 >= 75 - <= 77 % 

647 42-48-9 <LS% 

647 41-65-7 <25% 

NJTSN# 03365400 <0.2% 

16111-62-9 >= 97- <= 100 % 

NJTSN # 03365400 <0.3% 

16111-62-9 75% 

NJTSN# 03365400 25% 

19910-65-7 

64742-48-9 <41% 

64741-65-7 

68299-16-1 >= 74- <= 75 % 

64742-48-9 >= 0 - <= 25 % 

61741-65-7 >=0-<=25% 

3425-61-4 <= 0.1 '¾, 

Total lbs 

Quantity in 
Trailers 
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(b) (3) (A), (b) (4)

Arkema Inc. - Crosby 
Trailer No. 4-9 Products Decomposition Emissions 

September 2, 2017 

Estimate Pounds of Material Lost to Atmosphere 

Products in 
Trailers 

10 

10M75 

11M45 

11M7S 

188M75 

221 

223M75S 

223S 

223V7S 

Notes: 

Quantity [1] 
% Fast Decomp -

to Vapor 
[3] 

5.00% 

lbDecomp to 
Vapor 

lbs 

991.50 

1,359.39 

2,350.89 

[1] Product composition provided by Arkema via email on 9/5/2017 in the file "Crosby Inventory 082817 Trailers Stg Bldg.xlsx". 
[2] Provided by Arkema via email on 9/8/2017 in the file "Crosby Inv 082817 Trailers Sig Bldg.xlsx". 
[3] Based on information provided by Arkema, from Trailers 4·6, two trailers (5 and 8) had decomposition of products released to atmosphere on 
September 2, 2017 prior to the controlled combustion on September 3, 2017. The quantity decomposed is estimated to be 5% of the weight ofLup 11 M45 
and 11 M7S which are used to represent the decomposition products to the vapor phase and emissions from the trailers to atmosphere on September 2, 
2017. Emissions associated with the remaining product are represented in a separate emission event for the controlled combustion on September 3, 2017. 
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Emissions Summary 

Emission Source co 
Products in Trailer Nos 4-9 Consumed in Fire 1.458.11 

Trailer Consumed in Fire 2,906.25 

Psi lets Consumed in Fin.: '.fo?.13 

Containers Consumed. in Fire 1.005.64 

RefrlJrerntion Unit in Fire 370.31 
Rdrigt~rnnl r:omumt'd in Fire 

Battery Consumed in Fire 

Total Emissions 6,107.44 

Summary ofSpedated Emissions 

Compound CAS# 

Nonane 111-84-2 

Noncnc 124·11 ·8 

lsobutane 75-2L1-S 

lsobutene 115-11-7 
r1-propanol 71-23-8 

n-propanal 123·38·6 

sec-bL1tanol 78-92-2 

sec-butanone 78-93-3 

OMS 68551-17-7 

Acetophenone 98·86·2 
2-F.thyl tJµx;-;riol 104-76-7 

2-Ethyl hexanal 123-05-7 

Acetone 67-64-1 

Ethsne 74-84-0 

Hydrofluoric Acid 7664-39-3 

Lead 7439·92·1 

co 6'.-H)-08-0 

NOx 10102·44·0 

PM 

PM10 

PM2s 

Unclassified VOC [11 

Note: 

Arkema Inc. - Crosby 
Trailer No. 4-9 Combustion Emissions 

September 3, 2017 

Emissions flb/eventl 
PM 

170.06 504.08 504.08 504.08 

Y3.00 2,325.00 2.325.00 2,325.00 

11,75 293.70 293.70 293.70 

32.18 804.51 804.51 804.51 

11.85 296.25 296.25 296.25 

32.24 32.24 32.24 

4-,255.77 

Contaminant Total 
Code 

lb/event 

56703 2,268.66 
56701 746.08 

S5178 501.32 
90100 161.31 
51570 64.32 

51721 20.72 
.11580 219.22 
54065 71.09 
59275 2,608.73 

59861 969.34 
51521 2,065.61 
51601 672.55 
54020 1,569.03 
56SS0 24.48 
11162 19.68 
14319 10.92 
90100 6,107.44 
70402 318.84 
10000 4,255.77 
20000 4,255.77 
39999 4,255.77 

500001 1,190.23 

[1] L ncinss11icd VOC includes VOC emissions from combustion products. 
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10,368.95 

714.00 
9J,q8 

257.44 

94.80 
19.68 

58 73 10.92 

58.73 19.68 10.92 
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(b) (3) (A), (b) (4)
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(b) (3) (A), (b) (4)

Arkema Inc. - Crosby 
Trailer No. 4-9 Combustion Emissions 

September 3, 2017 

Products in Trailer No. 4 to No.9 

Prodm·t Nctme 

I.up 10 

I.up 10M7S 

Lup l1M15 

Lup 11M7S 

Lup 188M75 

Composition [1] 

Neodecaneperoxoic acid, 1,1-c..limetb.ylethyJ e~ler 

Hydroperoxide, 1,1 .. dimethylethyl 

Neodecaneperoxoic acid, 1,1-dimethyletliyl ester 

Naphtha [petroleumJ, hydrotrealedheavy 

Naphtha (petroleum), heavy alkylate 

Hydropernx:ide, 1,1-dimethyJethyJ 

Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester 

Naphtha (petroleum), hydrotreated heavy 

Naph llrn (_petmJeum J, l1eavy ;;i]kylate 

Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyJ ester 

Naphtha (petroleum J, hydrotrcatcd heavy 

Naphtha (petroleum), heavy alkylate 

Nedodecaneperoxoic acid, 1- rnethyl-1-phenylethyl ester 

Benzenemethanol, .alpha.,.alpha.-dimethyl-

Benzene, (1 · methylethyl) • 

Ethanonc, 1-phcnyl-

Naphtha (petroleum), hydrotreatedheavy 

Naphtha (petroleum), heavy alkylate 

Lup 221 Peroxydkarbonic ;;idd, dipn1pyl ester 

Lup 223M75S Peroxydicarbonic acid, bis(2-ethy1hexyl) ester 

Naphtha (petroleum), hydrotreated heavy 

Naphtha [petroleumJ, heavy alkylate 

Lup 223S 

Lup 223V75 

I.up 225M60 

Lup 54fiM75 

Proprietary component 

Pero:xydicat-bonk acid, bis(2-e!hy1h.exyJJ ester 

Proplietary component 

Pcroxydicarbonic acid, bisl2-ethylhcxy1J ester 

Proprietary component 

Peroxydicarbonic acid, bis(1-methylpropyJJ esteJ 

Naphtha (petroleumJ, hydrotreatedheavy 

Naphtha (_pctrolcumJ, heavy alkylatc 

Neodecaneperoxoic acid, 1,1- dimethylprnpyl ester 

Nc1phtha (petroleum), hydrotreatedheavy 

Naphtha lpelrnleurnJ, heavy alkylate 

Hydroperoxi.de, 1,1-dimethylpropyJ 
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CAS# 
wt% 
[1] 

26748-41-4 >=95% 

75-91-2 <1% 

26748-4H >:::: 74- <::::76%, 

64H2-48-9 <26% 

64741-65-7 <26% 

7:i-91-2 <0.2% 

927-07-1 >:::44- <46% 

64742-48-9 <56% 

64741-65-7 <56% 

927-07-1 >=74- <76% 

61712-18-9 <26% 

64741-65-7 <26% 

26748-47-0 >:::74- <75% 

617-94-7 >:::5- <:::11% 

98-82-8 >:::S .. <:::7% 

98-86-2 <=5% 

64742-48-9 >=1- <25% 

64741-65-7 >::1- <25% 

16066-38-9 >=99% 

16111-62-9 >::: 75- <::: 77% 

64742-48-9 <25% 

64H1-65-7 <25% 

NJTSN# 03365400 <0.2% 

16111-62-9 >::: 97 - <:: 100 % 

NJISN# 03365400 <0.3% 

16111-62-9 75% 

NJISN# 113365400 25% 

19910-65-7 >:: 59- <:: 61 % 

64742-48-9 <41% 

64741-65-7 <41% 

68299-16-1 

>::: Q. <::: 25 % 

64741-65-7 >::: 0- <::: 25 % 

3125-61-'I <= 0.1 % 

Total 

Quantity in 
Trailers 4-9 
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(b) (3) (A), (b) (4)

fa.1timate Pounds of Material Lost in Fire 
Destrm:tinn Effide11eay [4] 93% 

% Fast Decamp - to 
Products in Quantity [l] Vapor 

Trailers [3] 

5.00% 

5.00% 

Lup 225M60 

Lup 546M7S 

Total 

Notes: 

Arkema Inc. - Crosby 
Trailer No. 4-9 Combustion Emissions 

September 3, 2017 

% Decomp to Fire - % Decomp to Fire - % Burned from 
Unburned Burned Original Product 

f4] f4] [5] 

7% 93% 0% 

7% 93% 0% 

6.65% 88.35% 0% 

6.65% 88.35% 0% 

7% 93% 0% 

7% 93% 0% 

7% 93% 0% 

7% 93% 0% 

7% 93% O°.,f) 

7% '!3% 0% 

'7% 93% 0% 

[l] Product composition provided by Arkema via email on 9/5/2017 in the file "Crosby lnventory 082817 Trailers Stg Bldg.xlsx". 
L 2j Provided by Arkema via email on 9/8/2017 in the tile "Crosby 1nv 082817 Trailers Stg Bldg.xlsx". 

lb Decompto lb Decompto lb Decompto 
Vapor Fire, Unburned Fire, Burned 

lbs lbs lbs 

2,839 37,712 

1,209.74 16,072 

991.50 1,318.70 17,520 

1,359.39 1,807.98 24,020 

3,310.37 43,981 

147.84 1,964 

2,741..SS 36,423 

645.12 8,571 

282.24 3,750 

771.75 10.2s:1 

281.75 3,743 

2,350.89 15,355.54 204,009 

f31Based on information provided by Arkema, 5% ofLup 11M45 and l 1M75 vapor to atmosphere in the September 2, 2017 emission event prior to combustion. Emissions from the 
September 2, 2017 event are not included in the emissions associated vri.th the controlled combustion of the September 3, 2017 event. For the September 3, 2017 combustion, the 
remaining product decomposed except diluent (e.g., OMS) and burned ·with a 93% DRE (i.e., 7% of decomposition products and diluent emitted to atmosphere and the remainder 
converted to combustion products). 

[4] Per TCEQ publication RG-360,4/11, Revised February 2012, TECHNICAL SUPPLEMENT 4: FLARES, based on EPA test data, for combustions that do not satisfy 40 CFR 60.18, a 93 
percent destruction efficiency is assumed. Therefore, for decomposed product Lup 11M45 remaining after vapor release, 7% unburned, and 93% of decomposed part is burned. 
[5] Value excludes diluent (e.6 ., naphtha). 
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AERMOD Source Inputs 

Point Source Inputs 

Source ID Description 
EV2TRLR Event 2 Trailer Vapors 8/31/17 02:00 to 02:30 
EV2FIRE Event 2 Fire 8/31/17 02:30 to 04:00 
EV3TRL2 Event3 Trailer Vapors 9/1/1717:00to 17:30 hours 
EV3TRL3 Event3 Trailer Vapors 9/1/1717:00to 17:30 hours 
EV3FIRE Event3 Fire 9/1/1717:30-19:00 hours 
EV4TRLS Event 4 Trailer 5 Vapors 9/2/17 14:17 to 9 /3/17 01:17 hours 
EV4TRL8 Event 4 Trailer 8 Vapors 9/2/17 14:17 to 9 /3/17 01:17 hours 
EV5FIREl Event 5 Fire 9 /3 /17 17 :40-19:40 hours Trailers 4 5 6 
EVSFIRE2 Event 5 Fire 9/3/17 17:40-19:40 hours Trailer 7 
EVSFIRE3 Event 5 Fire 9/3/1717:40-19:40 hours Trailers 8 9 

Area Source Inputs 

Source ID Description 
WSTWTROV Waste Water Overflow 

UTM UTM 
Easting Northing Elevation 

(rn) (ml (ml 
305,065.9 3,314,744.5 15.54 
305,060.6 3,314,749.7 15.54 
305,031.9 3,314,720.9 15.54 
305,038.7 3,314,721.8 15.54 
305,034.2 3,314,730.1 15.54 
304,927.0 3,314,945.0 15.86 
304,893.2 3,314,968.1 15.86 
304,918.7 3,314,944.3 15.54 
304,907.9 3,314,959.2 15.54 
304,888.8 3,314,959.7 15.54 

IJTM UTM 
Easting Northing Elevation 

(rn) (m) (m) 
304779.8 3314858.2 15.82 

Emission Stack Stack Stack Stack 
Rate Height Temperature Velocity Diameter 
f g/s) (mi (K) (m/s} (m) 
1.0000 4.27 792.0 1.2 1.2 
1.0000 2.13 1273.2 5.4 8.2 
1.0000 4.27 792.0 1.2 1.2 
1.0000 4.27 792.0 1.2 1.2 
1.0000 2.13 1273.2 5.4 13.4 
1.0000 4.27 792.0 1.2 1.2 
1.0000 4.27 792.0 1.2 1.2 
0.5000 2.13 1273.2 5.4 16 
0.1667 2.13 1273.2 5.4 8.2 
0.3333 2.13 1273.2 5.4 13.4 

Initial 
Emission Release Vertical 

Rate Height Dimension 
2 

(g/s/111 ) (m) (m) 
2.SE-05 1.55 0 
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